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ACUTE DERMATITIS AMONG PAINTERS EMPLOYED IN AN 
INDUSTRIAL PLANT* 


J. A. TuRNER, Pu.G., M.D. 


Medical Director, Laidlaw Works, Worthington Pump and Machinery Corporation, 
Cincinnati, Ohio 


HIS report is based on a 
clinical study of five patients 
who reported at the plant 

hospital for relief from a troublesome 
skin eruption, and also on certain 
animal experiments which were con- 
ducted to ascertain the substance or 
substances responsible for this dis- 
ease, 

The work performed by the painters 
consists of painting iron castings both 
before and after they are assembled. 
The paint is applied with an ordinary 
hand brush and during this process 
ihe paints and solvents get on the 
hands and arms of the painters. 
There are in all about seven men 
‘mployed at this kind of work. 

At the close of the workday the 
Unters clean up; a favorite method 
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among them for removing the paint 
from the hands and arms is to use 
turpentine, thinner, or naphtha. At 
one time they used wood alcohol for 
this purpose, but they discontinued 
using it because they claimed that it 
was too irritating to the skin and 
that the odor was disagreeable. Cer- 
tain of the men, when questioned, 
admitted the possibility of careless- 
ness in thoroughly washing the hands 
with fresh water after using the 
paint solvents; this was particularly 
apt to occur when in a hurry to 
dress and catch the street car. 
There are a number of paint sub- 
stances and solvents used by these 
men in their work: namely, turpen- 
tine, naphtha, white paint, iron filler, 
thinner, and sealer. In respect to 
their constituents, such information 
as could be obtained showed that the 
turpentine is bought as commercial 
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turpentine; the white paint is a com- 
position of zine oxide, white lead, 
and solvents; the iron filler is a mix- 
ture of carbon black, petroleum, and 
turpentine; the thinner is made at 
the plant by the painters and consists 
of equal parts of turpentine and 
naphtha; and the sealer is composed 
of drop black with petroleum for 
thinner. It was impossible, on ac- 
count of trade policy, to ascertain 
from tne dealer the exact composi- 
tion of these substanees. Our facili- 
ties at the hospital did not permit of 
although it is 
analysis would 
this 


a chemical analysis, 
realized that such an 
ereatly add to the 
report. 


value of 


(‘ase HISTORIES 


Case 1.—W. 
painter for the past sixteen vears. 


B. has been emploved as a 
He gives 
a history of having had more or less trouble 
with his skin since working at his trade, and 
he expressed the opinion that the turpen- 
tineandthethinner that he got on his hands 
and arms were responsible for the dermati- 
tis. He relates that in 1923 he suffered a 
very severe attack. 
time, according to his statement, involved 
the backs of the hands and forearms, ex- 
tending nearly to the elbows. The erup- 
tion was rather pronounced on the inner 
The eruption ap- 


The eruption at this 


surfaces of the wrists. 
peared abruptly; at first the skin felt dry 
and irritated, and there was also a sensation 
of heat. Within twenty-four hours the 
affected parts contained many small blisters 


which were filled with a clear fluid. The 
blisters continued to enlarge until there 


was a considerable number of large, irregu- 
times was 
this 


Svimptorm the patient broke many of the 


“ie 
Itehing at 


i‘ 


larly shaped ones, 


intense and in an effort to relieve 
He further claimed that the treat- 
the 


he was 


blisters. 
ment applied appeared to aggravate 
condition to such an extent that 
unable to work for a period of fifteen days. 
On Oct. 6, 1924, he presented himself 
at the hospital for treatment for what he 
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claimed was a recurrence of the skin afoo. 
tion identical with that which he had had 
in 1923. He said that he often had had 
little areas affected but because they wer, 
mild he had not sought treatment, but tha; 
this attack was so distressing that he eou|q 
not continue to work unless he had som,» 
relief. At this time the backs of both hand: 
and the outer and inner surfaces of the 
forearms halfway to the elbows were 
affected. The areas were covered with bot} 
small and large blisters containing a slightly 
turbid fluid. Where the blisters had hp. 
come broken the base was much inflamed 
and bathed in a turbid fluid. Where the 
blisters had been broken for twenty-four 
hours or longer healing was in progress as 
evidenced by dryness and beginning des- 
quamation. There was a moderate degree 
of edema of the affected area. Burning and 
itching were the svinptoms most complained 
of. There was evidence of the patient 
having scratched himself with his finger 
nails. The patient claimed that the blisters 
at first were about the size of a pinhead, 
but that they rapidly increased in size, 
some of them having a measurement of 1! 
inches in length and from } to 3 of an inch 
in height. 

Questioning this patient in regard to the 
methods he followed in cleaning up dis- 
closed that he used either turpentine or 
thinner and sometimes naphtha for remoy- 
ing the paint from his hands and arms; 
this was followed by soap and water. He 
admitted that at times he probably was 
careless in washing off the solvents used. 

The treatment of this case consisted 1! 
advising the patient as to the proper way 
cleaning up, and to discontinue the use 0! 
paint solvents unless care was exercised 
remove the solvent thoroughly with soap 
and water and then to rinse thoroughls 
with clear warm water. The medical treat- 
ment consisted of the application, twic' 
daily, of a 1:1,000 solution of potassiun 
was raple 


permanganate. Improvement 


and uncomplicated. Cure was establish 
on the expiration of ten days. 

2.—A. S., aged 49, has bee: 
ployed in the paint department for the p 
two vears. On Oct. 9, 1924, he report 
the plant hospital for treatment of what 
He base 


CASE 


called turpentine poisoning. 
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diagnosis on the fact that he had been using 
oither turpentine or thinner to remove 
paint from his hands and arms and that the 
jermatitis followed their use. Examination 
disclosed an eruption involving the back of 
-he hands, the wrists, and extending half- 
a up the forearms. The eruption con- 
-isted of irregularly shaped areas, some of 
«hich were raw and exuded a small amount 
of serous fluid; others were dry and scaly. 
The intervening skin was normal in appear- 
ance. The patient claimed that the erup- 
tion began abruptly with a burning and 
‘tehing sensation. Small blisters quickly 
formed and some of them grew to consider- 
able size. Within two or three days these 
blisters beeame broken, leaving raw, ten- 
der, and inflamed sores. The application of 
potassium permanganate solution and ad- 
vice in regard to cleaning the hands resulted 
‘na rapid and complete cure. 

Case 3.—J. H., aged 25, had been em- 
ployed as a painter for about a year anda 
half. On Oct. 9, 1924, he reported for treat- 
mentof what he called turpentine poisoning. 
The eruption involved the backs of both 
wrists and was identical in appearance with 
that described in Case 2. This patient 
claimed that of late he had been using either 
‘turpentine or thinner for removing paint 
‘rom his hands and arms and that before 

sing these substances when cleaning up 
ne did not have any trouble with his skin. 
The application of potassium perman- 
ginate solution and the discontinuance 
(the use of paint solvents when cleaning 
ipresultedin immediate relief anda prompt 
cure within a week’s time. 

Case 4.—W. K., an apprentice boy, re- 
ported on Jan. 12, 1925, for treatment of a 
skin eruption located on the dorsal surfaces 
ithe wrists and forearms and extending as 
iaras the elbows. The affected areas were 
niamed, rough, and scaly, with here and 

re astmall blister about the size of a pin- 

i and containing a serous fluid. There 
*as considerable itching and evidence of 
‘he patient’s having scratched hinself. 
‘estioning revealed that the patient had 
veen using naphtha to remove grease 
from his hands andarms. This case 
responded to the application of 
‘assim permanganate solution. The 


ont 


yauient was advised against the use of 


paint solvents when cleaning up, with the 
result that there has been no return of the 
trouble. 

Case 5.—A. W., aged 18, an apprentice 
employed in the pattern shop, reported 
March 9, 1925, for treatment of a dermatitis 
which affected the backs of both hands, be- 
ing most prominent on the backs and sides 
of the fingers. The day before the appear- 
ance of the eruption he cleaned a machine, 
using cotton waste saturated with naphtha. 
He admitted that he did not observe par- 
ticular care in washing off the naphtha. 
That night his hands felt dry and there was 
an appreciable degree of burning. The 
following day the affected parts were coy- 
ered with a countless number of pinhead 
sized blisters containing a serous fluid. 
Itching and burning had increased in in- 
tensity. On the third day many of the 
blisters had become broken, probably as a 
result of scratching. From the raw areas 
there was an exudationof serous fluid. The 
application of potassium permanganate 
solution gave immediate relief from the 
burning and itching. Continued applica- 
tion of this remedy resulted in prompt cure 
within a week’s time. 


ANIMAL EXPERIMENTS 


The cases cited above show that 
these men are exposed to a number of 
paints and paint solvents. The evi- 
dence presented tends to point to the 
solvents as the causative factors in 
causing the skin eruption. It was 
thought that experiments 
might aid in increasing our knowl- 


aniinal 


edge with regard to the action of 


rT 
Fan! 


show 
which of them could be charged with 


these substances and might 


‘ausing the trouble among the painters. 
To this end guinea-pigs were ob- 
tained and prepared. ‘The hair was 
cut from the lower part of the back, 
covering an area about 2 inches in 
Cutting the hair with scis- 
sors did not permit removing the 
hair as close to the skin as would 


diameter. 
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clippers or shaving. Shaving was 
not resorted to, however, for in 


doing so the skin might be injured 
and it was desirable to have an un- 
irritated skin on which to apply the 
paint or solvents. 

The paints and solvents used were: 
iron filler, sealer, white paint, turpen- 
tine, thinner, and naphtha. The con- 
stituents of these substances, so far 
as known, has been described. The 
samples used in these experiments 
were obtained from the stock used by 
the painters. The experiments con- 
sisted of daily application to the 
clipped areas on the guinea-pigs for 
twenty-five suecessive days. The 
animals were then kept under ob- 
servation until they had returned to 
normal. 

Tron Filler-—-Yhe iron filler was 
applied with a cotton-covered ap- 
plicator and thoroughly rubbed into 
the skin. No effect was noted until 
the seventh day, when it was found 
that there were a number of small 
areas which denuded of hair. 
There appeared to be no inflamma- 
tion although there was evidence of 
desquamation of the  super- 
ficial layer of skin. During the fol- 
lowing days the denuded areas in- 
ereased in size until the eleventh 
day, when the entire area was com- 
pletely devoid of hair. The skin at 
this time was slightly rough, but was 
free from any signs of inflammation. 
The application of the filler to the 
denuded continued until 
the expiration of the twenty-fifth 
day; at this time the skin did not 
show any further change, and so the 
experiment was concluded. 

Sealer.—Daily applications of sealer 
to another animal developed a reac- 


were 


some 


area Was 


THE JOURNAL OF INDUSTRIAL HYGIENE 


tion by the fourth day, but on the 
following day this had practical}, 
disappeared. On the eleventh day 
a considerable portion of the ares 
was denuded of hair. There wag 
an appreciable amount of desquama. 
tion of the superficial layer of {hp 
skin, but there was no inflammation, 
The application of the sealer was 
continued daily until the twenty. 
fifth day; it was then discontinued 
because no further reaction occurred. 

White Paint.—The white paint was 
applied in a thin layer over the 
clipped area. On the seventh day 
it was found that the skin was as 
clear of hair as that in the preceding 
cases. There was no inflammation 
and the desquamation was even less 
than with the foregoing animals. 
On the twenty-fifth day the applica- 
tion of the white paint was stopped, 
for by this time the skin presented 
the same appearance as it did onthe 
seventh day. 

Turpentine.—The first and subse- 
quent applications of turpentine ap- 
peared to irritate the animal the 
instant it came in contact with the 
skin; this occurred in spite of the 
fact that there would be no visible 
evidence of it in the skin, but the 
behavior of the animal was sufficient 
to show that the application bothered 
him. On the seventh day there was 
visible evidence of skin reaction as 
manifested by a mild grade erythema. 
On the eleventh day there appeared 
several small areas of skin denuded 
of hair; the skin was rough and re@. 
During the succeeding days the rough- 
ness of the skin somewhat increase. 
There was also marked desquamation 
of the superficial layer of the skit 
and loss of hair. This condition 
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srogressed until on the fifteenth day, 
when the whole area was entirely 
denuded of hair. This area was en- 
larged simply by extending the ap- 
plication of the turpentine to the 
margins of the denuded area. Dur- 
‘ng the succeeding days the skin 
was markedly inflamed, rough, dry, 
and, in many places, cracked. There 
was also evidence of the animal’s 
having either scratched or bitten 
itself probably in its effort to relieve 
the irritation. On the twenty-fifth 
day the application of the turpentine 
was discontinued, as the reaction did 
not increase in intensity. 
Thinner.—This thinner, as_ has 
been stated, is made up by _ the 
painters and consists of equal parts 
of turpentine and naphtha. The reac- 
tion produced by this mixture was 
practically identical in appearance 
with that of the turpentine. With 
each application of the thinner it 
obviously irritated the animal, and 
this irritation persisted for a few 
hours as shown by the animal’s 
actions. On the fifth day it was 
seen that the solvent had produced 
an inflammatory reaction. There 
were a few places where the animal 
had either scratched or bitten itself. 
On the eleventh day there was marked 
desquamation of the superficial layer 
of the skin. On the following day 
‘here appeared many small areas 
denuded of hair; this loss of hair 
progressively inereased until on the 
iiteenth day, when the entire area 
clear of hair. The skin at this 
' Was very rough, inflamed, and 
Applying the thinner to the 
margins of the denuded patch in- 
“reased the size of the pateh. During 
succeeding days the thinner did 


I 


not increase the changes in the skin; 
on the termination of the twenty- 
fifth day the experiment was, there- 
fore, stopped. 

Naphtha.—The naphtha was ap- 
plied in the same manner as were the 
other substances. No reaction other 
than immediate irritation, as noted 
with the turpentine and_ thinner, 
attended the first few applications. 
On the eleventh day desquamation 
of the skin began and loss of hair 
was noted as with the other animals. 
This condition progressed until on 
the fifteenth day, when the entire 
area was completely denuded of hair. 
The skin at this time was dry, rough, 
and moderately inflamed. As with 
the other animals, the denuded area 
was increased in size by extending 
the application of the naphtha to 
the edges. The subsequent applica- 
tions to the denuded area continued 
to irritate the skin. The presence 
of seratches or bites testified to this 
fact. By the expiration of the twenty- 
fifth day the reaction did not show 
any further change beyond that al- 
ready described, and so the application 
was discontinued. 

Control Animals.—Control — ani- 
mals prepared in a similar manner 
by cutting the hair were used in this 
experiment. When the paint or sol- 
vent was applied it was allowed to 
remain in contact with the skin for 
from thirty minutes to one hour and 
was then removed. The paints were 


removed with turpentine, thinner, 
or naphtha; the area was thoroughly 
washed with soap and water and 
finally thoroughly rinsed with clean 
warm water, and then the skin was 
These animals did not show 
The clipped hair 


dried. 
any skin reaction. 
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continued to grow, so that by the 
expiration of a couple weeks it was 
as long as it was before being cut. 

When the applications of the paints 
or solvents were discontinued on the 
experimental animals they quickly 
returned to normal; that is, all signs 
of irritation disappeared and_ the 
hair began to grow on the denuded 
areas so that by the end of three 
weeks it was as long as it was before 
being cut. 


CONCLUSIONS 


Paint solvents are capable of pro- 
ducing a dermatitis unless proper 
care is used in removing them from 
the skin. This ean best be accom- 
plished by the use of soap and water 
and then thoroughly rinsing with 
clear warm water and seeing that 
the skin is dried. 

The solvents—turpentine, thinner, 
and naphtha—appear to be the chief 
offenders in producing the dermatitis 
in the group of cases presented in this 
report. In 4 and 5 naphtha 
was the only ‘solvent to which the 
patients The erup- 
tion appeared only on the hands and 
forearms as they were the only parts 
exposed. The eruption is charac- 
terized chiefly by a dry skin. With- 
in twenty-four hours after exposure 


Cases 


were exposed. 


many small blisters are formed con- 
There is 
a marked tendency for these blisters 
to coalesce and form large 


taining a clear serous fluid. 


very 
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ones. When the blister is broken, 
an inflamed base is left from whi) 
exudes a serous fluid. The predomj- 
nant symptoms complained of ar 
burning and itching. Healing js a}. 
tended with an appreciable amouy 
of desquamation. A 1:1,000  solp. 
tion of potassium permanganate a). 
plied daily to the eruption gives jm. 
mediate relief from the burning and 
itching and at the same time Dro- 
motes healing. 

The animal experiments showed 
that both the paints and the paint 
solvents when applied daily have 4 
depilatory effect which in the case oj 
the paints was complete in from seyer 
to eleven days, and with the turpen- 
tine, thinner, and naphtha in eleyen 
days. The paint substances did not 
produce any marked skin reaction 
other than removing the hair; tly 
solvents in addition produced some 
inflammation. The desquamation oi 
the superficial layer of the skin was 
not so marked from the effect of the 
paints as it was from that of the so- 
vents. Blistering of the animal’s skin 
was not produced; with the patient: 
this was one of the constant objective 
symptoms. 

Workmen who handle 
paints and paint solvents should | 
advised as to their possible effects © 
the skin and should be instructed ho” 
to clean up at the close of the wor: 
period. The use of paint solven> 


and us 


in removing paint, grease, and 0!> 
from the hands should be discouras 
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FORTY-TWO OCCUPATIONAL DISEASE HAZARDS IN ONE 
INDUSTRY: THE TANNING INDUSTRY AS AN EXAMPLE 
OF THE MULTIPLE HAZARDS IN INDUSTRY* 


Dorotuy K. Minster, A.B. 


Cincinnati, Ohio 


INTRODUCTION 


HI average industrial physi- 
cian working in one more or 
less restricted field of in- 

dustrial medicine is apt to beleve 
that occupational diseases or occu- 
pational disease hazards are the ex- 
ception rather than the rule in indus- 
try. Or he may believe that an in- 
dustry may have one occupational 
hazard pecuhar to it. To disprove 
this assumption, and as a matter of 
information or reference, we have 
studied and collected a list of all the 
potential occupational diseases and 
their causes In one particular indus- 
try the tanning industry. We be- 
lieve that this industry has a greater 
variety of occupational hazards than 
almost any other one, although there 
are few Industries which will not pre- 
sent a similar list. Our list includes 
iorty-two processes or substances 
may cause and in many iIn- 
stances do cause disease among the 
exposed workers. 


.-@ ’ 
i? ry 
ilf 


Before detailing these hazards, we 
point out certain limitations, or 
‘crvations. In the first place, we 
cognize that tanning is not a highly 
lardized process; that, quite on 
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the contrary, it is an individual one, 
varying with practically every manu- 
facturer. There is no standard recipe 
for tanning hides. Many _ ingre- 
dients used in this country are not 
used in others and vice versa. Proc- 
esses vary within just as wide limits 
in the tanning of various kinds of 
leather. Sole leather is tanned by a 
process generally quite different from 
that used for belting or 
leather. Light leathers, such as 
chamois, kid, ete., are produced by a 
tanning process quite different from 
either of the above; and so it goes. 


harness 


Because of these facts we have not 
sought to list the occupational dis- 
eases either process by process, or 
industry by industry, but merely to 
give a compilation of the hazards 
that may result from the processes 
which are employed in the common 
methods of manufacture. In order, 
however, to make the subject more 
comprehensible we have divided the 
processes into stages of manufacture. 


STORAGE 


Occupational disease in the tanning 
industry to most people means an- 
thrax (1).'. This is more commonly 


1The numbers running through the 
article indicate the sequence of hazards. 
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found in the first stages of the indus- 
try on the crude hides, than at later 
stages. We need not dwell on the 
‘auses of anthrax, its prevalence, ete., 
there is a vast amount of 
material available on this subject. 
Suffice it to say that, owing to the 
regulations as to killing, curing, and 
importation, anthrax is far less preva- 
lent today and, because it is so well 
known, it ean be readily eliminated. 
Poisoning from sulphuretted hydro- 
ven (2) may occur among men un- 
loading green hides from box ears, or 
working where green 
hides are stored. This gas may re- 
sult from decomposition of organic 


since 


among men 


matter. 
Cyanide poisoning (3) been 
known to occur from gas lime in the 


has 


storage of hides. 


Arsenic poisoning (4) may result 


from the handling of arsenic-cured 
hides. This method is in general use 
today for imported goat skins, and 
is still used oceasionally on other types 
of hides from such countries as New 
Zealand, Italy, China, ete. 

Mercury dermatitis may occur in 
the handling of hides soaked in bi- 
chloride of mereury (5) solution (1: 
L,O000). 

The universal 
curing hides, now in practice, is that 
of salt (6) curing. This method may 
also cause some difficulty though it 
is not so severe as the types suggested 
Workers handling salt-cured 
dermatitis or 


almost method of 


above. 
hides develop a else 


salt burns. 


PREPARING 


Hides.—-in the 
stage we find that burns from caustie 


Soaking the next 


soda (7) and poisoning from sulphur- 
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ous acid (8) are possibilities. Those 
two ingredients are sometimes used to 
render the water into which the hides 
are put for soaking more suitable fo, 
that purpose. The solutions of eays- 
tic soda and sulphurous acid ape 
generally rather dilute and any dan- 
ger exists in the actual preparation 
of the soak waters rather than in the 
handling of the hides that have heey 
soaked. 

Dehairing the Hides.—After soak- 
ing, the hides are put through a proe- 
ess of dehairing. This is done either 
by sweating the hairs loose so that 
they can be readily scraped off, or by 
soaking the hide in lime. In the 
liming process, lime (9) burns. are. 
of course, frequent. In addition there 
is a definite occupational dermatitis, 
known as “‘rossignol” or “le pigeon- 
neau’’ found among the workers who 
are foreed to keep their hands eon- 
tinuously immersed in caustic lime. 
This is characterized by 
substance and bright red, 
finger tips.’” 

Sulphide of soda (10), whici is 
used either as a substitute or as an 
assistant to lime, may cause a derma- 
titis or burns. 

Arsenic sulphide (11) is frequently 
added to the lime to hasten its ce- 
hairing action. It may result in 4 
dermatitis as well as constituting the 
usual arsenic hazard. 

Caustic soda (7), which is used 1 
the unhairing will cal 
burns to the worker’s hands, arm- 


‘loss of 


shining 


process, 


ete, 

The sweating method, which ts ¢ 
older and now less popular met 

? Kober, G. M., and Hayhurst, 
Industrial Health. Philadelphia, P. > 
ston’s Son & Co., 1924, p. 675. See also 
Jowur., 1924, vol. 6, Abstr. See., p. o>. 
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‘; dependent largely on_ bacterial 
action (12). Though these bacteria 
yay not be responsible for occupa- 
‘onal disease, they constitute a 
iavard in that a worker injured, even 
slightly, while engaged in this 
ort of work, is exposed to viru- 
ont infeetions. Let us pause while 
discussing this matter of bacteria in 
order to point out that in the care of 
‘he injured in tanneries it is frequently 
noted that infections of wounds are in 
more than normally high proportion. 
This is due to the fact that often fresh 
hides come into the factory in a filthy 
condition, contaminated with many 
harmful baeteria, tetanus for ex- 
ample. 

Parasitic fungi (13) should also 
be mentioned here as a hazard, es- 
yecially where sheep skins are being 
tanned. 

\mmonium sulphide (14) is a by- 
product of the sweat chamber proc- 
ess. It is developed as a result of 
the high temperature in the chambers. 

After the hides have been limed 
they are then delimed. Here again 
ihe danger of lime (9) burns exists in 
the handling of the hides before de- 
liming has taken place. 

\t times deliming is accomplished 
inerely by the use of weak acids, such 
as lactic acid (15). Laetie acid causes 

mild dermatitis to the hands or 
exposed parts of some workers. If 
other acids are used they may cause 

ins of various kinds. 

ed arsenie is often used as a 
‘liming agent for soft leathers. The 


/ 


nic (4) as well as the arsenious 
which is formed constitutes a 
ery serlous hazard. 

Other methods of deliming are 
puering.”’ 


of “bating’”’ and “ 


Here again the result is accomplished 
by bacterial action (12). These bac- 
teria, as indicated before, may con- 
stitute a hazard. 

A next step, or often a substitute 
step for these just outlined, is what is 
known as “drenching.’’ This is an 
infusion of bran in hot water. The 
bacteria in the drenching mixture lead 
to the formation of some of the follow- 
ing products: lactic acid (15) which, 
as already indicated, may cause a der- 
matitis; methane (16); sulphuretted 
hydrogen (2); and carbon dioxide (17). 
Carbon dioxide is, of course, only : 
hazard when it reaches concentrations 
approximating 15 per cent. A case Is 
cited of a man cleaning an empty vat 
who was found dead as a result of 
the excess of carbon dioxide. 


"TANNING 


The hides are now completely 
prepared and are ready for actual 
tanning. 

There are a variety of ways of 
tanning a variety of leathers. The 
vegetable tannins are made from 
different parts of various plants, such 
as sumac, oak bark, chestnut, que- 
bracho, myrobalan, ete. These vege- 
table materials are leached in water, 
thereby extracting the tannins. 

One tanning extract, which is a 
composite of many of these different 
plants, including myrobalan (18), is 
known to cause deep sores on the 
hands of the workers in the tanyard. 
The tannin extracted from myro- 
balan is believed to be responsible 
for these sores, because of its strong 
acid-forming qualities. | ‘These sores 
occur only when the skin is abraded. 
An eschar is formed which acts as a 
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foreign body and prevents healing 
until removed. 
Sumac (19), 
table tannins, causes a definite der- 
matitis. Sumae is used in various 
other stages of tanning-—in the finish- 
ing of sole leather as well as on the 
splitting machine. 


another of these vege- 


The dermatitis is 
similar in all instances. 

Quebracho (20), too, causes a derma- 
titis. 
usually treated with sulphites (21) 
other order to 
dissolve the diffiecultly soluble bodies. 
These sulphites cause a dermatitis. 


When quebracho is used it is 


among alkalies, in 


In the proeess known as acid hem- 
sulphurie acid (22) 
constitutes a hazard. It 1s 
used as a preliminary to the dipping 


lock tannage 
i b] 


again 


of the hides into the liquors. 
The chrome tannage method is far 
that of 


(‘hrome (23) 


more hazardous than 
table 
result from the chromic acid which is 
this from 


with the chromates. 


vege- 
tannage. sores 
liberated in process, or 
direct contact 
which is 
allowed to reaet with potassium di- 


livdrochlorie aeid (24), 


chromate to form chromie aeid, 1s 
another of the hazards in this process. 
Sulphurie acid (22) is also used in 
this connection, chiefly in the United 
States. 

What is one-bath 
process, which is in more general use 


does not 


known as the 


today, appear to cause so 
much difficulty as the two-bath proc- 
‘This the fact 
that free chromic acid is not liberated 


in the 


due to 


CSS. 


may be 


acid 
seems to be a more harmful agent 


former. Free chromic 


than the chromates. 
Formaldehyde (25) is used as a 

method — of glove leather. 

In addition, it is often used as a dis- 


tanning 
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infectant in the cleansing of storacp 
rooms, ete. One worker walking })p- 
neath a room which had been disip- 
fected in that way happened to |ook 
up and some of the formaldehyde 
splashed in his eyes. In a 
time he was totally blind. 

After the hides have been tanned 
they are again hung up to dry, gal- 
ranized tacks often being used jy 
tacking them up. When the workers 
earry these tacks in their mouths. 
as they usually do, lead (26) poison- 
ing 1s a possibility. 


short 


FINISHING 
Subsequent to the tanning, 
hides go through various 
The ehief chemical su)- 
stances involved are sulphuric acid 
(22) caustic (7). 
(19) is oceasionally used in the bleac’ 
ing’ process. 

After the hides «a 
rendered more pliable by treating 
with fish or mineral oils 
generally with an emulsifier such 
soap. These oils would cause 
trouble if they were pure, but 
impurities found therein, 
of bacterial origin, give rise to a it 
unculosis. 

The chief hazard in 
known as ‘‘currying,”’ 


finish 
processes. 


and soda Sumac 


bleaching, 


(27), us 


} 


1) 
ao ’ pray 
general, 


the 
which is pal 
of the finishing process, is that 

the leather dusts (28). These dust 
the workers in two way: 
They may irritate the mucous me 
branes; they may result in a det 
nite anaphylactic reaction. Certs 
workers to pr 
teins in the leather, as may be cei: 


proces 


affeet 


become sensitized 


onstrated by strapping leather 
to the arm. Where the leather 
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ape in contaet with the skin, lesions 
-» formed. Leather dusts may con- 
jtyte hazards in other processes as 


There are other types of dusts 
whieh are found throughout the tan- 
ning process Which occasionally give 
»jse to diffieulties. Hair (29), in the 
handling of raw hides and in the 
seraping of hides after liming, is a 
nossible hazard. Tanbark (30) in 
‘he erinding up of the bark in the 
vard is another instance. 


DyrING, JAPANNING, AND 
KNAMELING 


If the leather is to undergo a further 
yrocess beyond that of graining or 


rolling, ete., such as dyeing, Japan- 
ning, or enameling, an entirely new 


of hazards and a widely varying 
are brought into play. We are 
viving only those hazards which re- 
sult from the chemicals in most com- 
mon use. Lead (26) is perhaps the 
outstanding one. It is used in many 
oi the pigments which go into the 
japanning or enameling processes. 
it is also used in what is known as 
“lead bleach,’ whereby a thin de- 
posit of white lead sulphate ingrained 
in the leather gives it a whitish color. 
\iany of the aniline (31) colors 
used in this part of the process. 
Mercury (32) colors are also used 
the dyeing or coloring of leather. 
\myl acetate (33), butyl acetate 
benzol (35), naphtha (36), tur- 
‘tine (37), butyl aleohol (38), and 
thyl aleohol (39) are variously used 
solvents of these colors, each in its 
constituting a well-known in- 
strial hazard. 


Dita cil : ) ; 
votassium ferrocyanide (40) is also 


used in the dyeing process to form 
Prussian blue on the skins. This 
process introduces the hazard attend- 
ant on all cyanides. 


GENERAL HAZARDS 


Carbon monoxide (41) should not 
be omitted from this list as a possible 
hazard. It is not connected with 
any process in particular but may 
occur wherever combustion is incom- 
plete, as for instance near the fur- 
naces. One case was found in a man 
driving a small tractor about the 
yard. The exhaust came right up 
under his seat and blew the gas in 
his face. 

Another condition, while it is not 
really due to the tanning process but 
which was found like the above case 
in a worker in a tannery, is that of 
brassfounders’ ague (42). A man who 
had been working on brass pipes in 
a tannery presented a typical case of 
poisoning. 


SUMMARY 


By way of recapitulation, the 
hazards which we have enumerated 
are listed below. 


1. Anthrax. 

Sulphuretted hydrogen. 
Cyanide poisoning. 
Arsenic poisoning. 


Cr wm CoO lO 
; ° e 


. Bichloride of mercury. 
6. Salt. 

Caustie soda. 

8. Sulphurous acid. 

9. Lime. 

10. Sulphide of soda. 

11. Arsenic sulphide. 

12. Bacterial action. 

13. Parasitie fungi. 

14. Ammonium sulphide. 
15. Lactie acid. 


~J 
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. Methane. 

. Carbon dioxide. 
. Myrobalan., 

. Sumac. 

. Quebracho. 

. Sulphites. 

. Sulphurie acid. 
. Chrome. 

. Hydrochloric acid. 
. Formaldehyde. 
. Lead. 


. Fish or mineral oils. 


. Leather dusts. 


29, Hair. 


. Tanbark. 

. Aniline. 

. Mercury. 

. Amyl acetate. 

. Butyl acetate. 
. Benzol. 

. Naphtha. 

. Turpentine. 

. Butyl alcohol. 


39. Methyl alcohol. 

40. Potassium ferrocyanide. 
41. Carbon monoxide. 

42. Brassfounders’ague. 


As we pointed out in the beginning 
some of these hazards are only potep- 
tial. Many of them, however, hay, 
actually occurred in the course of oy 
work in tanneries, and many of them 
are recorded in the literature on this 
subject. 

A compilation such as this serve; 
only to point out the danger points in 
this industry. Similar compilations 
for other industries, perhaps for most 
industries, could be made, becaus 
there is practically no industry today 
that will not present a similar multi- 
plicity of hazards. 

















tHE SIZE-FREQUENCY AND IDENTIFICATION OF CERTAIN 
PHAGOCYTOSED DUSTS* 


PuHiILtie DRINKER 


Department of Ventilation and Illumination, 
Harvard School of Public Health, Boston, Mass. 


INTRODUCTION 


N THE damaging of lung tissue 
by the inhalation of dust— 
pneumonokoniosis—the size and 


‘he kind of the particles inhaled 


»of great importance. In the case 
{ free, as distinguished from com- 
hined, silica, the dangerous particles 
apparently limited to approxi- 
mately 0.5 to 5 microns in diameter. 
Nusts made up of crystalline silica 
particles falling within this range 
are ealled by Mavrogordato (1) 
“nhthisis-producing.’”’ Those smaller 
‘than 0.5 micron appear to do little 
or no harm in the production of lung 
ibrosis; whereas those which are 
‘arger do not reach the alveoli. 
it is well known that endothelial 
ceils containing dust are found in 
‘he lungs of men and animals exposed 
'o dusty air. It is also common 
knowledge that these cells often occur 
1 human sputum. In lung tissue 
or in sputum they can be identified 
ind distinguished from epithelial cells 
staining. It is still not definitely 
»roved, however, that these cells and 
‘he dust they contain come from the 
| olar area alone. Nevertheless, 
ie burden of the evidence gathered 
‘1 Investigations in this field tends 


' Keceived for publication April 17, 1925. 


to show that dust occurring in endo- 
thelial cells, no matter where the 
cells are found, comes originally from 
alveolar tissue. 


PHAGOCYTOSIS 


One of the most important methods 
of dust removal from the lung tissue 
is phagocytosis. 

In his experimental studies relating 
to this subject, Fenn (2) used leuko- 
cytes from the peritoneal cavity of 
the rat. Suspensions of these cells 
were mixed first with uniform sus- 
pensions of particles of quartz and 
then with carbon, and both mixtures 
incubated at 37°C. In all cases, 
the size of the particles was accurately 
controlled by repeated settlings in 
water, and suspensions were stabi- 
lized by Acacia. Fenn found that 
particles of 4 to 5 microns were taken 
up more readily than smaller parti- 
cles of 2 to 3 microns, and showed 
by calculation and experiment that 
these differences depended on_ the 
chances of collision between the cells 
and the particles. Finally, by a 
very ingenious technic, he showed (3) 
that carbon particles were phagocy- 
tosed about three times as readily as 
quartz, when equal sizes and con- 
centrations of both dusts were ex- 
posed to phagocytic cells. In _ like 
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he found that 
was 


manner, manganese 
dioxide phagocytosed about 
twenty times as readily as manganese 
silicate—an observation with direct 
bearing on the phagocytosis to be 
discussed in this paper. 


PHAGOCYTOSIS AND PNEUMONO- 
KONIOSIS 


It is well known that, of quartz 
and carbon dusts, the former is by 
far the more dangerous in producing 
lung damage, and Fenn has shown 
the latter to be the more readily 
phagocytosed. From this, it is in- 
teresting to follow out Haldane’s (4) 
and Mavrogordato’s (5) original sug- 
the possibility of 
predicting the harmfulness of insolu- 
ble, inert according to the 
readiness with which they are re- 
That. is, 
are not those dusts which are most 
readily phagocytosed the least 
dangerous? If this is the ease, lung 
damage by dust inhalation can be 
predicted, because selective phago- 
eytosis can be studied both zn vivo 
from human sputum and 7n vitro by 
Fenn’s method. 

Another practical feature of Fenn’s 
work lies in the analogies he draws 
between organic and inorganic sys- 
tems in particle flocculation, and the 
physiologic significance of this floccu- 
lation. Finely divided earbon, for 


gestions as to 
dusts 


movable by phagocytosis. 


instance, is markedly adsorptive and 
flocculates vigorously, while quartz 
can 


be dispersed satisfactorily and 
possesses but little adsorptive power 
in any but the colloidal state. 

If, from the tendency to floeculate, 
the adsorptive power, and phagocy- 
tosis, it were possible to predict the 
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lung damage from inhaling  jneyt 
insoluble particles, it would obyioys}y 
be of the utmost value, and would 
have direct application to dusty jp. 
dustries and trades. ) 


PuHaGcocytic Dust CELLS PprRoy 
HuMAN SputTuM 


In an industrial problem involying 
possible lung damage from dust jin- 
halation, I had occasion to examine 4 
series of sputum slides prepared by 
Dr. Royce Paddock. The source of 
dust was the air of a large factory 
in which metal ores were crushed and 
dried—operations which gave rise to 
considerable dustiness, in spite of 
elaborate systems of exhaust fans and 
an efficient ventilation equipment. 

A number of men, whose duties 
required intermittent exposure to 
widely varying dust concentrations, 
were examined by X-ray and showed 
only slightly abnormal chests, but 
the sputum, particularly of those men 
with a type of mild bronchitis, showed 
typical ‘“‘dust cells’ in large numbers. 

In all such eases, mounts wer 
prepared by Dr. Paddock by shaking 
the sputum with physiologic saline 
solution, placing a few 
slides, fixing the cells by drying, 
and then washing off the salt crystals 
with distilled water. Slides thus pre- 
pared were mailed to this laboratory, 
where the cells were again fixed by 
methyl alcohol, mounted in purified 
molten dammar, and sealed with 
cover slip. Occasionally mounts wer 
stained in order to facilitate finding 
the cells, but, after a little practice, 
it was found more satisfactory to ue 
unstained mounts, because most © 
the phagocytosed particles 


drops on 
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| and were therefore difficult to 





i y in the presence of dyes. At 
hy riting, mounts prepared more 
a year ago are in good condition, 
ne 

in- 

by 

ot 

ry 

nd 
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ng. mately 1500. Photographs taken 
Zine Company, 

als 

re- hagoeytosed particles can he 
ry; red now as readily as when 
by Hints were first prepared. 

leu : e dust cells are of interest 
a cause they give an accurate 
Ge the size and kind of the parti- 
lp ich have made their Wav into 
C ths of the lungs, and also be- 


Ley give a possible clue to the 
the 


is dangerous. 


significance of dust 


if 


Tate 


ePYr or 


not 
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The Measurement of the Particles 


Two general methods ean be used 
in¥measuring particles of the size 
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Mineral dust particles in unstained endothelial ceils from human sputum, 


by Henry (;:reen, Research Laboratory, The 


with which we are concerned in 
problems of dust Inhalation. The 
simpler of the two methods is to 
use a filar micrometer in the eyepiece 
of the microscope and actually to 


measure the particles by moving the 
micrometer adjustment from one edge 
of the particle to the other and read- 
ing off the distance on the vernier. 
This method ean be used satisfactorily 


with all three powers of the ordinary 








HOS 


INICrOSCOpe, According LO the S1Z0 QO 
the 


particles as small as 


particles, and is) accurate for 


about O.9 mie 
eron, but is of doubtful use for par- 
ticles below that size. It is partic- 
Ularly suited to measuring particles 


In a small @roup the whole of which 
is not in focus under the high magnifi- 
entlOns required for small particles, 
The other method, advoeated hy 
Crreen (6) and used by him with mueh 
SLICCEeSS, is ta take fn photomicrograph 
nnd 


determined) magnifiention 


the 


A 2 


project resulting image of the 


particles OW ct sereen by sfereopticon., 


By this method, a total maenifiea- 


tion of 2BO.QOO chnmeters ean enstily 


be renched, so that ct particle of | 


micron will appear to be about 1 


Inch in diameter and ean, therefore, 
be measured with an ordinary ruler. 
The photomicrographs in Figure 
from them, were 
\Ir. Green.  Al- 
though a number of particles can be 


and lantern slides 


rade for nie by 


seen Clearly in these 
thist 


photographs, 1 


Is Obvious bahay aTe Ot! ot 


focus, simply Heenause the cells Ve 


large IN) COMPALis 1} from. ols to L7 


microns), are approximately spherical 


in) shape ana have A total voune 


Vastly greater than that of the parti- 


clos. Therefore 11) ( 


ploring a part le 


thse cel] ly the Yr’ ection method, 


ad 2reat MMM, mere ‘les are not seen 
ful all, anc PYeheyy others re OUT ot 
focus. “This enuses errors In the 


SIZ0-19 CVuUlene\ 


he- 


marticles Crit) he 


MeCASTIVeMents, 


CALIISC Tao) ery 


measured im each photograph. Un- 
less no great 


many photographs are 


(arecn. Uunsitis- 


taken, method ds 
factory for this particular problem, 
the 


particles point in all 


The cells in Fieure 1 show that 


the 


axes of 
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direetions it Is a matter of 


( | Lies 


how they happen to be fixed by 4] 
protoplasm of the cell, and it is jy 
possible to tell whether particles ay 


enveloped by the cell or wheihe 
they are simply Iving on the surfse 


the 
are spherical; but to consider ther, 


leurthermore, none of particles 
as anything but spheres complicates 
the problem and introduces needless 
Theretore all the 
ments must be made along either th 
the 
never along both. 


Crrors, Weasure- 


horizontal or vertical axis, but 
If a large numbe 
of particles are measured, errors du 
to orientation of the particles wil! 


then eaneel out. 


Ss ed, =f ys {ite ney Distribution 


In order to make clear the stbse- 
quent discussion ot the size-frequi ney 
distribution of the particles, the orig- 
data Table 


Were measuring 


irise| elven in 
These 


251 particles with a filar micromete! 


. 
are 


obtained hy 


and 2-mm. oil immersion object 


Magnifiecations were computed 
measuring the distanee between paral- 
lel lines of a known distance apar' 
and then converting the vernier reac 
Ing of the micrometer into microns 
From the table it 


first 


1 
+} 
if 


is seen that 
values obtained do not oO} 
true pieture of the uniformity i 
size of the particles, lor inst 
the 


zigzag curve with a mode or pe: 


plotting original data ga’ 


approximately 43 eent. 0! 


total 


per 
Indic: ting 
The st 
measure shows that LO particles 


(). OY 


particles measured, 
very low uniformity. 
diameter, 14 
and 14 were 
that 


muerons in 
O.97, 7 Bid 


It Is improbable 


Were 


highly 
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ah irregularities represent actual 
although two or more 


ae Be . 
eondl ions, 


ti soaks in size-frequency curves of 
i ' ww ixed dusts are not uncommon. It 
el - +. justifiable to group the measure- 


onts in pairs by averaging, and to 
ayeat this process one or more times 
antil a smooth curve can be drawn. 
in the case of the data shown in the 
le, two such averages gave points 
‘rom which a smooth curve (Fig. 2) 
° eould be plotted. 

From a curve of this general charac- 
er, the principal information desired 
. -: (a) the average size of the parti- 
their uniformity, and (c) 
frequeney with which the various 
A curve that in 
Vicure 2 gives most of this informa- 


hb \ 


~ } 


s occur. like 

but In very inconvenient form. 
‘example, the arithmetic mean of 
size in microns, from the data of the 
e- F second averages in the table, is 1.275, 
: ‘igure which corresponds to only 
ne if per cent. of the total particles 
while the mode of the 
includes 17.8 per cent. of the 


sean el 
asured, 


| micron. How are we 


now the distribution of the rest, 


ticles at 


thout going through a great many 

culations? Also, is the mean value 

‘rue representative of the average- 

‘ized particle? Asymmetrical curves 

plotted in this manner do not answer 

se questions without planimetric 

culations. In asymmetrical curve 

that is, a curve of which the mode 
the area under the curve 

node, mean, and median coin- 

In an asymmetrical curve, like 

‘of Figure 2, the mode is obviously 

her the nor the median. 

mode tells us that a particular 

fits the greatest number of 

les of any of the possible points 


mean 





B09 


on the curve—it does not show the 
probable size of the average particle. 

For plotting asymmetrical fre- 
quency curves of this general charac- 
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Fig. 2.—Size-frequency curve of the 


phagocytosed dust particles. 


ter, Huzen’s (7) logarithmic probability 
paper is especially convenient. By 
this method, the logarithms of the 
function to be measured, in this 
case microns, are plotted as abscissas 
against the probability of occurrence 
The result is that 
frequency relations which are normal 
in their logarithms plot as straight 
lines, as in Figure 3. Since the line 
is straight, extrapolation or interpola- 


as ordinates. 


tion of any desired region is facili- 
tated, and it is possible to estimate 
the relative importance of very small 
particles, such as those of 0.5 micron 
or less---particles which can be seen 
beneath the microscope without dif- 
ficulty but of which the measurement 
is uncertain. In like manner, we 
‘an determine the frequency with 
which large particles, such as those 
of 5 microns, occur. 


Another example in the applica- 


510 


9 
oO 


TABLE 1.—SIZE-FREQUENCY MEASUREMENTS OF PHAGOCYTOSED 
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PARTICLES 
FIRST MEASURE FIRST AVERAGE | SECOND AVERAGE 
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TABLE 1, 


FIRST MEASURE 
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n line B, Fieure 3, and repre- 
Izo-frequencies of silies parti- 
covered from the ashed lunes 


ith The data 


line were estimated from the 


\friean miners. 





hed measurements of Watkins- 
rc and Mor : It 1 


cpected that the size-frequen- 
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the data 


the phagoevtosed particles (line 
should he the Same. 
the 


nor are 


for silica frequencies so. well 
established, because LOO bow particles 
were measured and all silica particles 


had 


acids. 


heen 


digested with 


if 


previously 


Nevertheless, 


that the frequency relation is of the 


1s obvious 
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same type as that of the phagoeytosed 
particles, 

lor frequency eurves. plotted on 
either arithmetie or logarithmie 
probability PAuper, the median value 
ean be read off directly from the 50 
line A 
the 
, with a 
-0.028 to the left and 
the the 


not the grouped data) 


per cent. frequency. Irom 


in bieure 3, the median size of 
particles In microns is) 1.15 
variation of 
-YOSb to 


original data 


rieht.' Irom 
for the eurve of Figure 2, the average 
1.296 mi- 

+(0).0427 


The median, 


size was caleulated to be 
variation of 
Table | 
better measure of the 


erons, with a 
mMucron (sce 
therefore, Is 2 
average particle than is the mean in 
this particular curve. If it is desired 
to determine the percentage of parti- 
between any special 
read off the 


line 


cles) oceurring 


limits. the viilues Cull hye 


curve. bor imstanee. in 


A, ap- 


proximately 90 oY Oo) per cent. 
of the total phagocytosed particles 
are between | and 2 microns, 25 per 


cent. of the particles are less than 
0.5 micron, and only L per cent. are 
ereater than 3.1 muecrons. 


[n general problems of pneumono- 
koniosis, 1b Is probable that the surface 
area of the particles is the most im- 
portant dimension. It is mainly this 


dimension which sceounts for varia- 


tions in solubility and phagocytosis 
In any particular substance, and these 
responsible, In 


factors Ppa 1() ay 


Inrge part, for variations in_ the 
physiologic aetlons from Inhaled 
particulat batter. 

1 The SC VALTLILLLONS & rply ta) the ACCUPACY 


of the determination of the median, hot to 


the variation in particle size about the 


median, 


THE JOURNAL OF INDUSTRIAL HYGIEN I 





Figure 3 
the 
persion of the particles, both in 
surface areas and in their volumes 


the lines in 


logarithmie in 
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phagocytosed particles found in hu 
sputum. Line B = silica particles 
ashed lungs of South African miners. 
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constants 7d 


from 
the 
7d* 6 respectively. 
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The Ld nlification of Phag utoO 
Partick s 


In the case of the particles i 
eells shown in Figure 1, it was 
sary to distinguish between «al 
five different minerals, which cou 
identified in the dusty air thi 


breathed. [dentifieation = ot 


dust particles of the order of 0 
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; microns in diameter is a vastly 
different problem from identifying 
yarticles of 20 to 40 microns, such as 
-yo petrologist studies. Furthermore, 
she particles must be examined in 
which renders the problem still 
yore complicated. The  petrologist 
and pigment microscopist can prepare 
-mmples in media of different refrac- 
ive indices, and often identify parti- 
cles by finding in which medium they 
disappear; they can measure their 
angles of cleavage, and note their 
appearance or color to assist in their 
jentifieation. In the dust cells, very 
‘ow particles over 3 microns are found, 
and all of them are more or less 
mbedded in the cell. Consequently, 
their identification by the petrologist’s 
methods is both uncertain and un- 
satisfactory. 
The five minerals comprising most 
these particular dusts could all 
ve distinguished in preparations of 
the pure minerals, ground into sizes 
comparable to those found in the 
ells. One mineral, willemite, fluo- 
resced under ultraviolet light, so that, 
‘ron. mounts prepared on = quartz 
lid willemite could be detected 


mder the ultraviolet microscope. 
‘nder visible light, it was trans- 


yurent and eolorless, and gave no 
ueiul distinguishing features in sizes 
ess than 3 or 4 microns. Another 
the five, franklinite, was insoluble 
hot mineral acids, was of purple 
A third, zine- 
is soluble without effervescence, 
/ orange color, and particularly 
‘0 identify under dark-ground 
wuination. A fourth, rhodonite, 
‘ransparent, colorless, and diffi- 
soluble in hot or cold acids; 
the fifth, limestone (mainly 


and magnetic. 


calcite), was colorless and _ soluble 
with effervescence in weak mineral 
acids. 

Of these five minerals, franklinite 
occurred in the cells oftenest, while 
zincite was the next most frequent. 
Both of these are of a deep orange 
to purple color, and easily distin- 
guished from willemite, rhodonite, 
and calcite, all of which are colorless 
in the small-sized particles contained 
in the cells. Although the colorless 
minerals were found occasionally in 
the cells, the colored particles were 
in great exeess over the colorless. 
Fenn (3) found that manganese silicate, 
which is colorless in small particles and 
is probably the same rhodonite as that 
under discussion, was taken up by 
phagocytes some twenty times less 
readily than manganese dioxide; so 
that it is not surprising to find 
rhodonite rarely in human dust cells. 
Calcite and willemite were not iden- 
tified in the dust cells, although the 
cell examinations were not extensive 
enough to warrant saying that these 
minerals never occurred. 


COMPOSITION OF THE Dusvr IN 
THE AIR 


The fact that the dark-colored 
minerals are in excess in the cells is 
not of itself proof of selective phago- 
eytosis. It is necessary to determine 
the proportions of the different 
minerals in the air inhaled. This 
was done by several different methods. 

In the plant in which this dust 
problem arose, a large quantity of 
ore is recovered by the exhaust fan 
system, and is necessarily composed 
of particles small enough to be carried 
by air currents along considerable 


lengths of narrow pipe. An average 
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of the dust samples, collected over the 
year previous to our investigation, 
gave the following figures: 


Per Cent. 


ee ee ee ee 13.4 
PRS ee Gage nry aera eS PPE are 11.9 
Ss oa eee Se oe Ce Seen 6.9 
Ot ERR a AE eee | 20.6 
ge ene ee ee a 10.4 
Dust which had settled out on 


rafters, floors, covers of machinery, 
and like places, was sampled by us in 
various parts of the plant, and gave 
the following figures: 


Per Cent. 


eee re ee 
Dh <ssanaas ke ates ee skeen eee 11.24 
rene ae rn ernie 12.65 
3 SP rar naar res 0.96 
|) Se eer 39 92 
CU onc eoes Gates veka sharks eens 1.64 
Ee er ere eee 1.03 
Ds. Jue st ien tebe abnar taka, 14.31 
aay Seach ewok eae '.2 
ks em 
I c cShedeee pea ¥sa0haceaaee (trace) 
PO 2 1.10 
SS as ce ea ee eRe ea 0.059 
99 789 
Fig sy $ See 0).29 
C‘onverting these figures into zine, 


iron, manganese, ete., gives: 


Per Cent. 


er ey ee ee ere rey 12.2 
Piivcheneeukcheeeals sien bees aeees as 9.7 
De wgtie sade aaa ee eee eae ee 8.7 
RMR Ma cea eevee ae ere hae ce 24.0 
Sid) 8 9 


These figures compare favorably with 
the vearly average of analyses from 
the agree- 
ment would probably be a matter of 


collected dusts. Closer 
chance, as the composition of the ore, 
and therefore of the dust in the air, 


is variable. 
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At the time this study was mad. 
numerous samples of dust were wl. 
lected from the air of the factory by 
electric precipitator (9) and by Owene’ 
counter (10). Both methods giy, 
samples well adapted to microscopic 
examination, especially so | gine, 
neither requires the wetting of thp 
dust caught. From representative 
samples taken from the air of th, 
factory, together with samples of the 
rafter dust and dust collected by the 
exhaust system of ventilation, ij 
was found that about 42 per cent. o’ 
the particles were dark or opaqu 
(franklinite and zincite) and that 58 
per cent. were light or transparent 
(ealeite, willemite, and rhodonite). 

From the analyses of the rafte 
dust, it is reasonable to assume that 
the calcium carbonate, 39.92 per cent.. 
is present as ealeite and is therefor 
colorless, and that the silica (SiO 
is combined with zine oxide or man- 
ganous oxide to form colorless parti- 
cles of willemite or 
these assumptions are correct, a) 
proximately 62 per cent. of the tota 
dust particles in the air breathed !» 
the men would be colorless and th 
remainder 


rhodonites | 


colored. One constifuen' 
of the rafter dust, magnesium ¢: 


While thi 


such, it Is 


bonate, we have ignored. 
not identified as 
probable that it should be adder 
to the colorless particles, and the 
total would thus be increased. 


Was 


| 
amar 


In any event, it is obvious that 

° . ’ ce 

colored particles are in a deci 
minority in the air, but far in exces 


dary? 


in the dust cells from human sp 
; ia] c J 
From this it follows that of th 


2 SiO» present as free silica was to 
to be considered. 
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»inerals in question, franklinite and 
,ineite are the easiest to remove from 
the lung area by phagocytosis; willem- 
‘te and rhodonite tend to remain; 
while calcite we accepted as com- 
yaratively harmless, although it was 
not found in the dust cells. 

The fact that calcite is present 
‘ the inhaled dust in such decided 
eyeess, but is not found in the dust 
eells, ean only be accounted for by 
solubility. In their discussion — of 
the mechanism of the removal of 
manganese dioxide and silicate from 
blood and body fluids, Drinker, Shaw, 
and Drinker (11) have shown the 
importance of solubility. Gardner 
and Dworski (12) found that marble 
dust (ealeium carbonate) was re- 
moved from the lungs of guinea- 
solution both before and 


nics by 
{ter phagoeytosis. It is probable, 


therefore, that the eyele of events in 
the present problem is represented 

‘the disappearance of particles like 
Jadum and magnesium carbonates, 


! 


ther before or after phagocytosis, 
lloved by the appearance in the 
ndothelial eell of the sputum of the 
refractory particles like rho- 
ionite, willemite, zincite, and frank- 
Vefinite proof of selective lung 
cunage by these dusts can only be 
ched by direet postmortem ex- 
minations. At this writing, the op- 
rtunity for such examinations has 


been obtained. 


SUMMARY 


From the size measurement of 
phagocytosed dusts and their ap- 
proximate frequency of occurrence 
in endothelial cells from sputum of 
men exposed to dusty air, an attempt 
is made to predict the relative power 
of certain dust particles to produce 
pneumonokoniosis. 

irom a comparison of dust inhaled, 
as sampled by electric precipitator, 
and dust in the cells from human 
sputum, selective phagocytosis is in- 
dicated. 

The median size of the phago- 
cytosed particles was found to be 
1.15 microns in diameter and the 
mean 1.275 microns, in cells whose 
diameter varied from about 13. to 
17 microns. ‘The — size-frequency 
curve of the phagocytosed particles 
is shown to be asymmetrical, and 
plots as a straight line on Hazen’s 
logarithmic probability paper. Photo- 
micrographs of the dust cells and 
the size-frequency curve of the phago- 
cytosed particles are given, with de- 
tails of the methods used in measuring 
the particles and determining their 
size-frequeney distribution. 


Prof. I. B. 


R. Doering of 


I am indebted to 
Wilson and Dr. C., 
this School for their helpful sugges- 
tions and criticisms on the statistical 
portion of this paper. 
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(YENERAL CONSIDERATIONS 


[1 human body is a mechanism 
which is constantly producing 
and losing heat. Under nor- 

mal conditions of existence the healthy 
holy is maintained at a fairly uniform 
temperature (about 98°F.), which 
means that the rate of heat production 
is balanced by the rate of heat loss. 
Heat is lost from the body by the proc- 
esses of radiation, convection, and 
evaporation; consequently anything 
which interferes with the functioning 
ot these processes will obstruct the flow 
0! heat from the body. 
the loss of heat by radiation is de- 
yendent on the difference between the 
‘temperature of the skin and that of the 
rrounding air. Thus an increase in 
‘ie temperature of the air is accom- 
yanied by a reduction in the flow of 


‘uliant heat from the body. When 


‘eceived for publication Jan. 23, 1925. 


‘ 
e 


the temperature of the air is 68°F., for 
instance, the rate of heat loss from the 
body by radiation is approximately 
140 per cent. more than when the tem- 
perature is 86°F. (1). When the tem- 
perature of the environment equals 
that of the body, the loss of heat by 
radiation ceases; consequently this fac- 
tor as a means of dissipating body heat 
is of minor importance in high atmos- 
pheric temperatures. It must never- 
theless be taken into account when 
considering the most suitable atmos- 
pheric conditions for industrial 
operatives. 

The loss of heat by convection is 
produced by the movement and remov- 
al of the air in contact with the body. 
Heat from the body passes by conduc- 
tion to the adjoining air, which, in 
turn, has its temperature raised. Un- 
less this heated air is removed and 
replaced by a cooler stream, the flow of 
heat from the body is greatly retarded. 
The more rapidly the air in contact 
with the skin is renewed, the greater 
is the amount of heat conducted away 
from the body and the less is the tend- 
ency for the body to become over- 
heated. Thus the rate of movement 
of the air in the vicinity of the body 
is another important factor in the 
maintenance of a suitable body 
temperature. 
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The loss of heat by evaporation 
depends on the amount of water vapor 
in the surrounding air. When the air 
contains little vapor, the rate of 
evaporation of moisture on the surface 
of the body is rapid, but decreases 
as the amount of vapor in the air 
increases. This does not mean that 
from the body ceases 
when the adjoining atmosphere is 
saturated with vapor. This condition 
would exist only when the surrounding 
air is saturated and at the same tem- 
perature as the body. As a rule the 
temperature of the body is higher than 
that of the surrounding air, and al- 
though the latter may be saturated 
with water vapor (7.e., its relative 
humidity be 100 per cent.), when 
heated by contact with the body, it 
is capable of holding still more mois- 
ture. Thus saturated air at 60°F. 
contains only 5.8 grains of water vapor 
per cubic foot, but when raised to 
body temperature the same volume is 
capable of holding 18.7 grains. The 
rate of evaporation of moisture from 
the skin does not, therefore, depend on 
the relative humidity of the surround- 
ing air, but on the absolute amount of 
water vapor it contains, that is to say 
on the difference between the absolute 
amount of moisture in the atmosphere 
and the amount capable of being taken 
up by the air when warmed up to the 
lung and skin temperatures. 

The conversion of superficial body 
moisture into water vapor absorbs a 
considerable quantity of heat from 
the body; and the more rapid the rate 
of evaporation, the greater is the 
amount of body heat so absorbed. 
Kvaporation of this kind, therefore, 
has a cooling effect on the body, and 
this property makes the process of 


evaporation 
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evaporation another important factor 
in the preservation of an equable body 
temperature. 

Unless the air in contact with ¢h: 
body is constantly removed and re 
newed, it tends to become heated ¢p 
body temperature and saturated with 
water vapor from the body at that 
temperature. Under such conditions 
the rate of evaporation is greatly 
retarded and the consequent cooling 
effect is considerably reduced. Movye- 
ment of the air in the vicinity of the 
body will accordingly facilitate 
evaporation, and by so doing increase 
the flow of heat from the body. Air 
movement thus has a double effect: jt 
not only promotes the loss of heat by 
convection when the body is compara- 
tively dry, but also increases the cool- 
ing effect due to evaporation when the 
body 1s moist. 

In addition to the foregoing factors, 
the loss of heat from the body is also 
dependent on the nature and amount 
of clothing worn. If, for instance, the 
radiant heat emitted from the naked 
skin in a room at 59°F. is taken as 100, 
it is reduced by (2): 


a wool vest to 73 

a wool vest and linen shirt to 60 

a wool vest, linen shirt, and waistcoat 
to 46 


Further, a close cotton mesh re- 
stricts the loss of heat much more than 
closely woven cotton, and a knitted 
woolen fabric is still worse (2, p. 299), 
The properties of a garment have been 
found to depend almost wholly on the 
manner of its weaving, and not on the 
kind of material used. Thus Flac! 
and Hill (2, p. 244) state that ‘it made 
little difference whether the shir 
was cellular cotton or flanneiett 


» OTF 











tcoat 
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sannel, the protection from cooling 
depending on the restriction of venti- 
lation, not on the nature of the mate- 
jal.’ In a stagnant atmosphere the 
air in the meshes of the clothing and 


TABLE 1—INCREASE IN THE 
\OUNT OF HEAT PRODUCED BY 
DIFFERENT ACTIVITIES! 

















ADDI- 
TIONAL | 
OCCUPATION CALOR- \IINCREASE 
| IES 
oe - 
Shoemaker............. | 90 | 116.9 
Metal worker.......... | 141 | 183.1 
| | 389.6 


StonemaSon............ 300 








‘These figures are on the high side, as 
‘he subjects did their best throughout the 
rests, which were not of long duration, 


netween the clothing and the surface 
o/ the body tends to approximate 
ie body temperature and to become 
siturated with moisture. In this re- 
spect it resembles the atmosphere of a 
moist tropical climate, and consider- 
ubly retards the rate of heat loss from 
‘ie body. The kind and amount of 
clothing worn is, then, another impor- 
‘ant factor in promoting or retarding 
‘ie loss of heat from the body. 

Lastly, the preservation of a suit- 
wile body temperature is also de- 
vendent on the amount of activity 
verformed. The amount of heat 
»roduced in the body increases consid- 
‘tably as the form of activity becomes 
‘ore strenuous, and unless the rate 
ot heat loss is also increased, there 
wu be an accumulation of heat in the 
ody, A resting man, for instance, 
nodueces about 77 calories an hour, 
but this amount is increased during 


y 


v» 
iVTit , 


“Vity. The figures given in Table 


1 show the extent of the increase 
observed in different masculine occu- 
pations (1, p. 54). 

It follows, therefore, that as the 
intensity of the activity increases, a 
correspondingly greater amount of 
heat must be dissipated by the body 
if a rise in body temperature is to be 
avoided. This means that greater 
demands must be made on the proc- 
esses of radiation, convection, and 
evaporation, and the conditions of 
the atmosphere which promote their 
efficient functioning become increas- 
ingly important. 


Errect OF UNSUITABLE ATMOSPHERIC 
(‘ONDITIONS 


Under pleasant atmospheric condi- 
tions the skin remains comparatively 
dry, and the processes of radiation and 
convection are responsible for most of 
the heat lost by the body. During 
periods of bodily exertion, or under 
unfavorable atmospheric conditions, 
these processes are unable to maintain 
an adequate flow of heat from the 
body, with the result that the evapora- 
tive mechanism comes into play. The 
skin becomes covered with visible per- 
spiration, the evaporation of which 
assists considerably in the cooling of 
the body. 


High Atmospheric Temperatures 


Overheating of the body increases 
the activity of the heart, which has to 
send an ever-increasing quantity of 
blood to the skin to be cooled there, in 
addition to keeping up the supply 
necessary for the use of the brain and 
the muscles. If the heart becomes 
fatigued, the supply of blood, and so of 
oxygen, to these organs is diminished 
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and working capacity in consequence 
decreased (1, p. 60). The frequency 
of the pulse rises greatly with under- 
cooling of the body. ‘‘A warm skin, 
(produced by inadequate heat loss) 
diminishes the tone of the muscles, 
lowers the exchange of material in 
the body, and depresses the appetite; 
the natural tendency is for the nervous 
system to become less active, and for 
muscular work to be diminished” (3). 
A cool skin, on the other hand, pro- 
motes activity in order to maintain 
warmth, increases the efficiency of 
blood circulation, aids digestion, and 
consequently improves the general 
health and fitness of the individual. 
Thus unsuitable atmospheric con- 
are undesirable from the 
physiologic standpoint, and have a 
depressing effect on the inclination to 
work and the capacity to perform 
work. ‘‘Every hindrance to heat 
loss,’ says Rubner, “either reduces 
bodily exertion or causes the exertion 
to be done under a feeling of oppres- 
sion and a burden of weariness. 
Therefore the production of sweating 
must be energetically countered by 
adequate conditions of environment 
(1,p.59). The debilitating effect of a 
monotonous, humid, warm climate, 
such as that of Singapore, is beyond 
dispute; so, too, is the health giving 
effect of open air and 
sunshine in children’s sanatoria and 
open-air schools. 

The retarding effect of a high tem- 
perature on the flow of heat from the 
body may be observed on a calm, hot 
day in summer, when the small differ- 
ence In temperature between the body 
and the surrounding air produces 
sweating even when the individual is 
only slightly active. 


ditions 


exposure to 


Kixposure to high 
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temperatures under industrial] condi- 
tions will have a similar effect and will 
tend to produce discomfort and redypp 
efficiency. Vernon (4), for instance, 
found that the output of tin-plate 
millmen was lowest during the hot. 
test months of the year, and, in gep. 
eral, varied inversely with the tem. 
perature. Inthe manufacture of cyele 
chains, during a hot period when the 
average temperature was SO°I"., the 
output was 13 per cent. less than on 
days having an average temperature of 
68°F. (5). 

The New York Commission on Ven- 
tilation (6) found that atmospheric 
temperature had a marked and sig- 
nificant influence on the performance 
of physical work. An _ increase in 
room temperature from 68°F. to 75°F. 
caused a decrease of 15 per cent. in the 
physical work performed by men who 
were not compelled to work with maxi- 
mum effort but were stimulated by a 
cash bonus; and an increase from 68°F. 
to 86°F. with a relative humidity of 
SO per cent. caused a decrease of 25 per 
cent. in the physical work performed 
under conditions of maximal efforts. 
The same Commission also found that, 
in mental work, feelings of comfort 
were approximately the same whether 
the temperature was 68°F. or 75°k., 
but a temperature of 86°F. with : 
relative humidity of 80 per cent. 
was distinctly uncomfortable. Under 
these different atmospheric conditions, 
however, the quantity or quality © 
output, as indicated by psychologi 
tests, was approximately the same !! 
all cases. Since the tests were © 


short duration (a few minutes In ea” 
. 1 voli- 

case), the effect of interest and vo" 

tional effort may have had a 


cant influence on the results. 











ice 


of 
per 
ec 








ATMOSPHERIC CONDITIONS IN COTTON INDUSTRY 321 


The effect of temperature on health 
has been investigated by Vernon and 
Rysher (7) in connection with the iron 
yd steel industry. They found that 
the sreatest amount of sickness oc- 
.ypred among workers who were 
exposed to the highest temperatures, 
and generally decreased progressively 
as the temperature approached nor- 
mal. The examples mentioned serve 
‘+ illustrate the effect of high atmos- 
herie temperatures on working activ- 
ity, and indicate the importance of 
‘emperature as a factor in the regula- 
tion of the quantity of heat lost by the 


| OK ly. 
Air Movement 


The influence of alr movement on 
bodily comfort and efficiency is often 
noticeable in everyday © situations. 
Everyone is familiar with the stifling 
nature of the atmosphere on a _ hot, 
muggy day in summer, and the relief 
obtained by a ride in an open tram or 
car. A similar effect is experienced in 
restaurants and theaters when a fan 
s suddenly set in motion. In these 
examples, the only difference in the 
itmospherie conditions is the artifi- 
cially produced air movement. In a 
warm, stagnant atmosphere, the air 
i contact with the body and that 
confined in the clothing becomes 
eated and saturated with moisture 
rom the body. Most of the air in 
contact with the skin is accordingly 
iof and moist, and retards the flow 

heat from the body. The indi- 
vidual begins to feel overheated, dis- 
oliort increases, and the inclination 

wctivity is reduced. Air in motion 
moves the hot, moist air from the 
‘cinity of the body, promotes the 


ePYya 


‘poration of superficial moisture, 


thereby cooling the skin and stimulat- 
ing bodily activity. The effect of 
air movement on the rate of cooling 
of a large-bulbed thermometer at body 
temperature is shown by the figures 


TABLE 2.—EFFECT OF AIR MOVE- 
MENT ON THE RATE OF COOLING 
OF A LARGE-BULBED THER- 











MOMETER 
~~ | AIR MOVING AT RATE OF 
TEM- “tal 
. | (mi. per hr.) STILL 
PERA- 
AIR 





PORE | 20 | 88 | 2.2 | 1.1 








“. millicaiortes per square centimeter 
per second 

50 45.0 | 33.1 | 20.1 | 16.4 
68 | 28.1 | 20.6 | 12.5 | 10.3 
86 11.2 8.1 4.9 | 4.0 


~I 


— 
| <3 














given in Table 2 (1, p. 51). Thus 
when the temperature remains the 
same (horizontal results), the loss of 
heat increases as the air velocity 
increases; but when the temperature 
rises (vertical results), the same air 
velocity has a reduced effect on the 
rate of heat loss. <A given increase in 
the rate of air movement at low veloci- 
ties has also been demonstrated to 
have a greater cooling effect than a 
similar increase at high velocities, as 
shown in the curves in Figure 1. 
Points lying along the same line repre- 
sent conditions of equal comfort for a 
constant relative humidity of 80 per 
cent. When the initial temperature 
is 50°F., for instance, an increase in 
the rate of air movement from 0 to 
100 feet per minute will have a cooling 
effect which is equivalent to a reduc- 
tion in temperature of 10°F. In other 


words, a temperature of 60° (point B) 
with an air velocity of 100 feet per 
minute will be just as comfortable as 
a temperature of 50° (point A) with 





299 


22 THE JOURNAL OF INDUSTRIAL HYGIENE 


no air movement. From the same 
curve it will be seen that an increase in 
the air velocity from 400 to 500 feet 
per minute is equivalent to a reduc- 
tion in temperature of only 1.3°F. 





290 309 400 500 
AIR VELOCITY 'N FY. PER MIIN. 





1.—Etfeect of different air velocities 
constant 


iia, 
on dry bulb temperature for a 
relative humidity of SO per cent. 


That is, a temperature of 67.3> (point 
1d) with an air velocity of 500 feet per 
munute will give the same feelings of 
comfort as a temperature of 66°F. 
(point ©) with an air velocity of 400 
feet per minute. This fact is impor- 
tant, since comparatively low air veloc- 
ities are more likely to be tolerated and 
more easily produced than air veloci- 
ties of 400 to 500 feet per minute. 

On the other hand, the curves also 
show that as the temperature rises, 
effect of increased air 
movement at low velocities progres- 


the cooling 
sively decreases. As mentioned above, 
with an initial temperature of 50°F. 
un increase in the rate of air move- 
ment from 0 to 100 feet per minute is 
equivalent to a reduction in tempera- 
LO°k.; 


temperature is 83.5°R. (point EI), the 


ture of but when the initial 
same Increase In air velocity will only 


produce a reduction in temperature 


equivalent to 2.5°F. (point fF) (x 
Haldane (9) found that the endurab|; 
limit of temperature (wet bulb) j., 
about 88°I*. if no work is being done 
while it is 78°F. if a moderate amoyp; 
of mechanical work is done. With a) 
air current of 150 feet per minute, ¢h,. 
endurable limits are raised to 93°7 
and 85°I". respectively. 

Increased air movement has als 
been demonstrated (10) to have , 
most beneficial effect in the case 9; 
natives working in deep South Africay 
gold mines. For instance, a sial 
fan, with a capacity of about 2,9) 
cubic feet of air per minute, placed a 
a distance of 15 feet from the worke 
increased his output by 46 per cen 
In a study on the physiologic effects 
of high temperatures and humidities 
in metal mines (11), it was found that. 
In a still atmosphere of 80°F. to 90°F. 
manual labor caused the body tem- 
perature to rise in a short period t 
102°F. and frequently to 103°R. when 
the relative humidity exceeded 95 per 
cent. With air velocities 
between 400 and 500 feet per minute. 
there was no marked change in bod) 
temperature or pulse rate, and no ap- 
preciable discomfort was expericneed. 

Additional results obtained by Lewis 
(12) show the effect of increasing tli 
velocity of the air in mines. The 
conditions observed are given | 
Table 3. The effect of unsuitable at- 
mospheric conditions can, then, be mit 
gated to a large extent by increasil 
the rate of air movement in the vicinit 
of the operatives, but, as the temper 


Varvilly 
‘ 


ture rises, a much greater air velocity 


is necessary to produce the same fayor- 
able effects. 

The dependence of bodily comfort 
und efficiency on the amount of wal”! 
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vapor in the air is illustrated by the 
jfference in feelings and inclination 
.o activity on a warm, dry day, when 
one feels much more comfortable and 
nergetic than on a day when the 


{ 


TABLE 3.—EFFECT OF INCREASED 
AIR MOVEMENT IN MINES 








REMARKS OF WORKERS 





VELOCITY 


WET BULB 





/ ~ 

~ = 

F P St. per| 

min 
“7 §8.0), 0 | Unendurable. 
<0 | 84.7 | 360 | Good for work. 
7.0 83.0 710 | Excessive’ velocity. 
s1.4. 80.2 | O | Oppressive. 
0.2 78.6 | 770 | Excessive velocity. 


onditions are damp but otherwise 
similar. The enervating effect of some 
of our seaside resorts is largely due to 
the quantity of moisture contained in 
the air in those places. In a_ hot, 
moist, and stagnant atmosphere, the 
hody loses heat almost entirely by 
means of the evaporation of superficial 
moisture, and the cooling effect is 
accordingly largely dependent on the 
unmount of water vapor in the sur- 
rounding air. The rate of heat loss 
large-bulbed — ther- 
mometer at body temperature has 
een shown by Vernon (13) to depend 
nly on the wet bulb temperature, and 
‘0 be independent of the dry bulb 


s 


Even when the sur- 


irom a damp, 


femperature. 
‘ounding air was practically saturated 
vith moisture the effect was still the 
“une. "This is beeause the cooler, 
“‘W0ugh saturated, air in the vicinity of 
“ue body, when heated by the skin to 


a 


temperature, is capable of ab- 


sorbing a greater quantity of water 
vapor. Thus, saturated air at 70°F. 
when raised to body temperature has 
its capacity for absorbing water vapor 
increased approximately one and a 
half times. Similarly air at body tem- 
perature is capable of containing 76 
per cent. more water vapor than air 
at SO°F. (1, p. 99). Haldane also 
showed (14) that the maximum tem- 
perature which can be endured de- 
pends only on the wet bulb tempera- 
ture, and not at all on the dry bulb or 
relative humidity. The same writer 
also states that at a wet bulb tem- 
perature of about SO°F. the actual 
amount of work done by a miner begins 
to fall off, and as the wet bulb rises still 
further the work done gradually dimin- 
ishes to the vanishing point. 

“There are hot moist mines where 
the day’s working power of the white 
is reduced by the strain on his heat- 
losing mechanism to no more than the 
equivalent of two hours’ labour per- 
formed out of doors” (1, p. 56). In 
humid weaving sheds, the artificial 
methods of humidification increase the 
amount of moisture in the shed atmos- 
phere, and there is medical evidence 
to show that a rise in mouth tempera- 
ture is observed when the temperature 
of the wet bulb exceeds 75°F. and that 
when such is the case, the weavers are 
likely to be working under adverse 
physiologic conditions (15). Thus 
when the temperature is high, the 
amount of water vapor in the air has 
an important influence on health and 
efficiency, and must be seriously con- 
sidered when attempting to amelio- 
rate the unfavorable effects of unsuit- 
able atmospheric conditions. 
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IXISTING CONDITIONS IN WEAVING 
SHEDS 
Throughout the weaving section of 


the cotton industry, the sheds are 
usually kept at a temperature well 


we ua 
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hic. 2.—Hourly variations in tempera- 
ture during August, 1920, in different sheds. 


above 60°F., and in many cases the 
average temperature for the year is 
from 70°F. to 75°F. During the hot 
summer months the shed temperature 
frequently reaches 85°F. to 90°F., 
hence under such conditions the cool- 
ing effect of the air in the shed is 
greatly reduced, and the operatives 
are affected accordingly. In addition 
to the seasonal variations in tempera- 
ture, there is also the gradual rise in 
temperature throughout the day. 
This is illustrated in the curves in 
Figure 2 which represent the hourly 
variations in temperature during the 
month of August, 1920, in different 


sheds. The differences between the 
temperature of the sheds and that of 
the outside air show the extent tp 
which the sheds are heated while work 
The curves show that 


is In progress. 


TABLE 4.—OBSERVED RATE OF Ajp 
MOVEMENT IN HUMID WEAVING 
SHEDS 


SHED 


29 6'O 0S 6.8 4.066 £029 23 OE C8 Ss 


‘ee. 6 6.08 oO 8.6 68S 646 28 @ 


the operatives are exposed to increas- 
ingly unfavorable atmospheric tem- 
peratures as the day advances, and 1! 
a temperature of 60°F. to 65°F. 1s 
accepted as the most suitable for the 
bodily comfort and activity of th 
weavers, then a gradually increasing 
strain is thrown on their heat regulat- 


ing mechanism 
throughout the 


in so far as it facilitates weaving >Y 
‘ausing a reduction in the number 0! 


yarn breakages. 


The rate of air movement in weavilse 
sheds is, on the average, about 24 fee’ 
per minute. Observations mace 


ft. per min. 
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At the same 
time, the daily rise in temperature wi! 
have a favorable effect on the yar! 
used in the manufacturing process. 
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jifferent positions at different times of 
the day in fifteen sheds gave the 
average results shown in Table 4. 
These rates are quite imperceptible, 
and have very little effect in promot- 
‘ng the dissipation of heat from the 
nodies of the operatives. They vary 
Jightly, of course, in different parts of 
the same shed, and are greater in some 
sheds than in others, but in general, 


‘he air in all weaving sheds 1s compara- 
jively stagnant. For comparative 


purposes, it may be stated that on a 
bright, pleasant day outside, with a 
dry bulb temperature of 68°F. and a 
wet bulb of 60°F. the rate of air 
movement is about 80 feet per minute. 
With the higher temperatures ob- 
served in weaving sheds a much higher 
rate of alr movement is necessary if 

adequate cooling power is to be 
obtained. 

The third factor in the preser- 
hodily comfort and_ effi- 
cency (v7z., the amount of water 
vapor in the air as indicated by the 
wet bulb temperature) is of great im- 
portance in artificially humidified 
sieds. In such’sheds the amount of 
moisture in the air usually approaches 
‘he legal limits. ‘This means that the 
wet bulb temperature is usually only 
2I. below the dry bulb (up to a 
‘claperature of 70°R.), after which the 
wilerence progressively increases until 
‘wet bulb of 75°F. is reached, when 
‘ie Jurther introduction of moisture 

prohibited. The period of time 

at and above different wet bulb 
uperatures in cotton weaving sheds 
‘906 is given in Table 5 (15, 

>). These figures are equivalent 
ing that a weaver spent, on the 
“raze, 21 per cent. of his time, or 
‘ty-five days, at a wet bulb 


vation of 


temperature of 70°F. or over; 6.5 per 
cent., or about twenty days, at 74°F. or 
over; 2.8 per cent., or about eight and a 
half days, at 76°F. or over. The 
above results, however, are averages, 


TABLE 5.—PERCENTAGE OF TIME 
SPENT AT DIFFERENT WET BULB 
TEMPERATURES IN HUMID 
WEAVING SHEDS (1996) 


| 

|PERCENT- 

| 

AGE 
OF TIME 


WET BULB TEMPERATURE 


70° and over... 


18a 
74° and over... | 6 51 
76° and over.......... .| 2.84 
78° and over.... | 0.98 
SO° and over.......... | Q 30 


and fail to show the actual conditions 
in individual sheds. For instance, 
some figures obtained in six sheds 
during the summer of 1910 show that 
these sheds had eighty-four hours, and 
In August seventy-six hours, with a 
wet bulb over 75°F. In one of these 
sheds during the month of July, a wet 
bulb temperature of 75°I. was ex- 
ceeded in 166 hours out of a total 
working time of 244 hours. In gen- 
eral, the observations in the sheds in 
question showed that for three-fourths 
of the total working time in summer 
the wet bulb temperature exceeded 
70°F. and for one-fourth of the time 
it was above 75°F. Thus for a con- 
siderable part of the summer months, 
the operatives in humid weaving sheds 
are exposed to atmospheric conditions 
which are very different from those 
which are usually found in the out- 
side air. The air in the sheds is warm 
and almost saturated with moisture, 
and in addition is comparatively stag- 
nant. It is important to ascertain the 
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conditions on the health 
and efficiency of the operatives. 


etfeet of such 


leerect ON TLEALTH AND FESrrICIENCY 


In humid weaving sheds, efficiency 


Increases (due to fewer yarn breakages) 
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the humidifier was not in use was 


77.6 per cent., compared with an off. 


ciency of 82.4 per cent. on the previoys 
when the 


afternoon humidifier 


Wray 
Yas 


working. 


On the day of lower output 


the ends were ‘‘flying out” in all diyoo. 


TABLE 6.—RELATION BETWEEN HUMIDITY AND YARN BREAKAGES 


TEMPERATURE 
RELATIVE 
HUMIDITY 


Ss 5D 
oan Dry 


Bulb 


Wet 
Bulb 


as the temperature and relative humid- 


increase. ina weaving investiga- 


Ity 


tion (16) it was found, for instance, 
that in one shed with a temperature of 
(i i SO 


per 


and a relative humidity of 


cent. the breakages were few. 
With the same temperature, but with 
a relative humidity of 63.4 per cent., 
the weavers complained of the cloth 
weaving badly. “Ends”? were con- 
tinually breaking out, and the opera- 
tives said this was due to the fact that 
the turned off earlier 
the the 


efficiency was 76.5 per cent., but in the 


steam was in 


day. In former case the 


latter it was only 
In the 


humidifying apparatus in one of 


6S.9 per cent. 
the 


the 


same investigation, 


sheds broke down, and the efficiency 


. J 
aiternoon when 


obtained durine the 


REMARKS 


Repeated complaints from weavers, 
cloth absolutely spoilt. 


ee] yf 
Breakages yery 
heavy, an increase of 62 per cent. 


average, 


Average number of warp breakages 


te. ** +. *s 


“all right.”’ 
Weaving gradually growing worse, 
a standstill. 


in bunches. 


Weaving 


r 


Weaving at wist brea! 


. } 141 } j 
tions and albnouen the 


Wed Vers 


to cope with the unusual condition 


some of them ultimately gave up | 
attempt. 

In another inquiry (15, pp. | t 
a series of experiments was carried 0 
by certain manufacturers. with 
object of determining the effects 
different degrees of humidity on weas 
The results of 
experiments are summarized in | 


] 


ing efficiency. 


| 
ry" 


6 and show that the number ol! | 
‘elative hu 
le 7 


ages increased as the 
ity decreased, and that in the sh 
question a high temperature, if und 
companied by a high relative hun 
itv, did not suffice to maintain | 
efficiency. 

The relation between unsuitable 
mospherie conditions and human e!! 
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was eney has also been considered by 
offi. different investigators, and a certain 

amount of evidence obtained. As the 
vis result of an extensive inquiry into the 
Was 


- vonditions of work in the weaving sec- 
- ion of the cotton industry a greater 
jecrease in efficiency was found in 
symmer toward the end of the spell 
of work than in winter (16, p. 40). 
This feature of the results is shown in 
‘he eurves in Figure 3. Further, 
when the temperature is high, effici- 
ency decreases fairly rapidly through- 
out the spell; but with lower tempera- 
output is maintained at a fairly 
level as work proceeds. This 
rendency is Illustrated in the curves in 
Fieure 4. Thus, although the yarn in 


tures, 


heh 


il sheds is favorably affected by 
an increase in temperature or humid- 
ity, the actual efficiency of production 
does not continue to increase indetfi- 
nitely as the temperature or humidity 
increases. ‘The number of yarn break- 
es may continue to decrease, but the 
of the operative to attend to 

these > breakages is reduced. In 
(16, p. 41), 
emperature was 76.5°F. and the rela- 
numidity 85 per cent., the opera- 


inother Case wien the 


tives complained about the heat, and 
requently asked about the tempera- 


ture. When the temperature was 
1.7 i. and the humidity 86 per cent., 


(isd I, 
the conditions were considered fairly 


in the former case the 


SQUSTactory, 


Om 


LClIONCY Was O.0 per cent., but in 


7 
‘he latterit was 78.2 per cent., although 
number of yarn breakages was 


unably greater. Thus, atmos- 
eric conditions which are best for 

varp are unsuitable for the weaver. 
best 


iditions for productive efficiency in 


ucer existing regulations, the 


Nlimid x. me , ] 
lunid weaving sheds seem to be ob- 
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tained with a dry bulb temperature of 
70°F. to 75°F. and a relative humidity 
of 80 to 85 per cent. 

A similar state of affairs was ob- 
served by Weston (17) in the linen 
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_ Fre. 3.—Hourly variations in efficiency 
In Summer and winter (morning spells). 


He concludes that the 


economic limit of temperature for fine 


industry. 


linen weaving is reached when the wet 
bulb temperature exceeds 73°F. Up 
to this limit, increase of temperature 
results in increase of productive effi- 
ciency, but beyond it efficiency falls, 
owing to the discomfort and fatigue of 
the weavers. 

Work in humid weaving sheds has 
also been asserted to be detrimental 
to health. on 


Conclusive evidence 


this question has not yet been ob- 
tained, although it has been the sub- 
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ject of controversy for several years. 
During the summer of 1909 a large 
number of observations were made on 
the body temperature of weavers in 
humid sheds, as a result of which Dr. 
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tion in efficiency and temperature. 


Legge states that “A rise of mouth 
temperature makes itself distinctly felt 
when the temperature of the wet-bulb 
exceeds 75°F., in other words, weavers 
are likely to be, when this is the case, 
working under adverse physiological 
This conelusion was 
corroborated by Dr. Pembrey and 
Dr. Collis (3), who state that “Our 
observations show that the influence 


conditions” (15). 


of the warm moist atmosphere is to 
diminish the difference between the 
internal temperature of the body and 
that of the peripheral parts. This 1s 
exactly the condition which would 
explain the discomfort and low state 
of health of which many of the weavers 
complain.”’ They further state that 
“The prolonged exposure to the hot 
moist atmosphere would appear to be 
more injurious than exposure to even 
higher temperatures (wet-bulb) for a 
shorter time, and, we consider, it 
would be an advantage to fix the limit 
of the wet-bulb temperature as low as 
possible, after every allowance has 
been made for the difficulties of weav- 
ing, and the breaking of threads.’’ 










THE JOURNAL OF INDUSTRIAL HYGIENE 


It accordingly appears to have heer 
established beyond doubt that CXpo- 
sure to warm, moist atmospheres pro. 
duces a rise in body temperature. 
Although this fact is physiologically 
important, it suggests, but does not 
prove, that such atmospheric condi- 
tions may be detrimental to healthy. 
A final answer to the latter question 
will only be obtained when the siek- 
ness and mortality records of weavers 
employed in dry and humid sheds are 
available for purposes of comparison. 

During 1924 a report was publishe:| 
by the medical officer of health for 
Blackburn (Dr. W. Allen Daley 
which contains some figures on the 
death rate of cotton operatives in that 
town (18). These are reproduced in 
Table 7. The figures show that the 
death rate is lowest among weavers 
and highest among spinners. ‘The 
corroborate the figures given by })r 
Greenwood for the same town in the 
period 1889 to 1912, v7z.: 


Weavers 
Spinners 
Winders, etc. 
Cardroom 


fee*Rie vege 6G BAe awe 46 6 2 8°@ 6S 


Dr. Daley therefore suggests that 
the low death rate among weavers Is 
not accidental, and concludes that, ‘so 
far as the death rates show, weaving 
in humid sheds such as there are 1! 
Blackburn is healthier than the other 
branches of cotton manufacture ®s 
carried out in this town.” 

Before accepting the foregoing re- 
sults as conclusive, it must be remem- 
bered that: 

1. The numbers given as actually 
employed are based on the census 
returns for 1921, which may not cor 


J.1.H 


July, 1920 














thie 


ATMOSPHERIC CONDITIONS IN COTTON INDUSTRY 329 


,<pond to the numbers exposed to 
.. shed conditions during the period 
1920) tO 1922. 

>» The death rate among female 


syeyatives is undoubtedly underesti- 








The average age of all weavers 
may be less than that of the opera- 
tives in the other groups. If so, one 
would expect to find a lower death rate 
among weavers. 
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‘}igures in parentheses 2 are » based on populations less than 1,000 and are therefore not 


ible, 


mated. In weaving, for instance, it is 


than half that for the males. 


This, as Dr. Daley points out, is largely 


‘to the faet that weavers who are 
‘rom work for some time before 


jeath may be classed as housewives. 


\lthough Dr. Daley states that this 
sification would affect all classes of 
© operatives to a proportional 
the assumption involved is 


rather questionable. It is conceiv- 


¢, for instance, that if a humid 
‘mosphere is detrimental to health, 
veavers affected might give up 
or at least find a less harmful 
sition. If this were so, the re- 
viven above would relate to a 
*cted group of weavers, and would 
ierestimate the actual effect of 
uid conditions on mortality. 


‘The foregoing considerations may or 
may not have a significant influence on 
the mortality figures given in the table, 
but until their possible effects have 
been ascertained, the latter 
accepted as final and conclusive. 

A general and detached considera- 
tion of the position of weavers in 
humid sheds compels us to recognize 
that such operatives are exposed for a 
period of forty-eight hours a week, or 
about one-half of the waking life, to 
artificially created atmospheric con- 
ditions which are appreciably hotter, 


cannot be 


more humid, and more stagnant than 
those of the outside air. 
Constitutionally the weaver is 
equipped to live most comfortably and 
effectively in an atmosphere which 
approximates the average conditions 
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of the outside air, and any appreciable 
deviation from such conditions will 
modify the normal functioning of the 
physiologic mechanism. At the same 
time, it must be remembered that the 
unfavorable effects of exposure to 
unusual or abnormal atmospheric con- 
ditions are mitigated to a certain 
extent by the ability of the human 
organism to adapt itself to such con- 
ditions. Interesting evidence in this 
connection is presented by Vernon 
(13, p. 143), who, as the result of 
experiments, found that the endurable 
limits of atv temperature are greatly 
affected by acclimatization. ‘Toward 
the end of an experimental series it 
was about 6°F. higher than in the 
experiments made a month earlier. 
The same writer also states that, at the 
outset, experiments in moist air were 
much more trying than those in rela- 


but after aceclimatiza- 


tively dry ar, 
tion the reverse was the case. Simi- 
lar exampies of adaptation to high 
temperatures are provided by Sutton 
(19) who found that for the same rise 
of body temperature, when exposed to 
a hot, moist atmosphere, the increase 
In oxygen consumption decreased from 
GS per cent. to 70 per cent. and after- 
wards to 55 per cent., as the experi- 
ment was repeated at different times 
separated by a few days. Experi- 
mental evidence of this nature indi- 
eates that a similar process of adapta- 
tion would be found in the ease of 
industrial operatives exposed to high 
temperatures and humidities, and that 
the investigator of industrial condi- 
tions must take this factor into con- 
sideration when considering the effect 
of such conditions on the comfort, 
health, and efficiency of the operatives. 
The occasional visitor to the factory, 


and even the employers’ or operatiy 
representatives, frequently talk and 
act as if the power of adaptation wey, 
nonexistent, with the result that ho: 


and humid atmospheres in indus 


are condemned without qualification oy 


reserve. 
That a certain amount of adaptat 


takes place is an established fae: 
within limits, industrial operatives ay 
able to endure atmospheric conditions 
which would cause discomfort and di 
tress to individuals habituated to ¢ 
conditions provided by the outsid 
air. Vernon and. Bedford (20) ha: 
the importance of adaptation fore 

on them when making observation: 
on the atmospheric conditions in po 


oy 


+ pr, 
Li \ 


lO] 


7 
; 
tis- 


, 
Tt} 
i 


ters’ shops. Similar signs are noti 


able in laundries and humid weavin: 


7 


sheds. Unless adaptation occurr 


work under some industrial co 


tions would be carried out with er 
difficulty and reduced efficiency, a 


In some cases would be practic: 
impossible. The ultimate effect 
continued exposure to unusual at 
pherie conditions, such as those im 


tioned in connection with the cott 
industry, has not yet been establish 


Whatever it may be, it appears evid 


of the power of adaptability of 
human organism. 
PossIBLE IMPROVEMENTS 


Any attempt to improve the att 


1? 
Li 


MI- 


) 


} 


{ -~ 


+ 


fae) 


- 


that its extent will be reduced becau 


pherie conditions in humid sheds mus 


take into consideration the possi) 
of (a) reducing the temperature 


reducing the amount of water vu 


in the air, and (¢) increasing the rate 


air movement in the vicinity 0! 


operatives. The situation is comp 


cated because of the opposite efiec! 
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ATMOSPHERIC CONDITIONS IN COTTON INDUSTRY 


, warm, moist atmosphere on (a) the 
| yatives and (b) the yarn used in the 
ins yoaving Ideally, the diffi- 
% »  ylty could be overcome by creating a 
“opent atmosphere for the warp and 
-weaver by Introducing some sys- 

local humidification. Such a 

sTeM is deseribed by Hill (|, p. 111) 
Ventilation 
are and Humidity in Weaving Sheds (15, 
». 14), but the apparatus was found to 
Satisfactory con- 


process. 


ant ond the Commiusston on 


unsatisfactory. 
tho tions could be obtained by the dis- 
i covery of a method of treating and 
had eparing the warp which would make 
| - economic manufacture independent 
on temperature and moisture, and such 
yor line of research would be a profitable 
tesearch 


dis- 


: ndertaking for the Cotton 
Until 
very 1s made, it 


1) \ssoc1ation. 


some such 


will be necessary 


di- fo concentrate on the temperature, 


unidity, and amount of air move- 
in weaving sheds. 
\; to temperature, a very thorough 
l extensive investigation has shown 
». 35) that the possibilities of 
)- ontrolling this factor are very limited. 
his Inquiry the rise in temperature 
& humid shed was found to be de- 
nendent on the combined effects of: 


al ys yr! ed hy t he 


power mMa- 

The bodily heat of the operatives. 

The steam used for conditioning the 

sphere. 

The radiant heat of the sun. 

Iixternal sources of heat such as ad- 
tlues and boiler houses. 


] 


in cloudy weather, about two-thirds 
rise in may be 


uted to the 
Jnder being due in almost equal 


temperature 


mechanical works. 


‘? 


tion to the bodily heat of the 
and the steam introduced 
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for humidifying purposes. The effect 
of solar radiation is also very consider- 
able, and may add as much as 40 or 50 
per cent. to the total rise in tempera- 
ture. It is obviously practically im- 
possible to reduce the temperature by 
‘estricting the amount of heat passing 
into the shed atmosphere from the first 
two sources mentioned above, but the 
heat introduced by the conditioning 
apparatus and that due to external 
sources can frequently be materially 
reduced. The investigation in ques- 
tion accordingly concentrated on these 
aspects of the situation, and the re- 
sults obtained may be summarized as 
follows: 

1. The effect of solar radiation may be 
reduced by whitewashing the roof during 
the summer months. 

2. By means of roof sprays, the average 
shed temperature on sunny days may he 
reduced by 2°F. or 38°F, 

3. A 


sheds during the night will secure a greater 


more efficient ventilation of the 
cooling effect. 

4. When only 
midity is required, wet matting and sprays 
placed at the inlet of the ventilation duets 


a low percentage of hu- 


will be efficient and considerably improve 
the conditions prevailing in the shed. 

5. Humidifieation by atomized water 
instead of steam jets reduced the tempera- 
ture hy 6.7°F. in one shed and 4.5°R. in 
another. 

6. Any roof having satisfactory insulat- 
ing properties, such as double or concrete 
roofs, diminishes the range of temperature 
within the shed, and hence excessive tem- 
peratures are reached less frequently. 

Thus a stenificant decrease in the 
shed temperature may be obtained by 
ithe fore- 


adopting one or more ol 


going methods, but the extent of the 
possible reduction is limited, and the 
resulting temperature will still be high, 
In this connection some firms of ven- 


lating engineers claim that, by means 
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of their systems, a dry bulb tempera- 
ture of 72.5°F. and a relative humid- 
ity of 80 per cent. can be maintained 
throughout the summer months. So 
far as is known, such a system does 
not appear to have been installed in 
a humid weaving shed, presumably 
because of the prohibitive cost. 

The amount of water vapor in the 
shed atmosphere can be controlled to 
a much greater extent than the tem- 
perature, because the introduction of 
steam for humidifying purposes is 
under the control of the management. 
Since, however, a considerable amount 
of moisture Is necessary for manufac- 
turing purposes, the relative humidity 
of the air in the shed must be main- 
tained at a fairly high level. 

Since the effect on the operatives 
does not depend on the relative humid- 
itv but on the absolute amount. of 
vapor present in the air, it should be 
possible to create a condition which 
will be fairly satisfactory both to the 
warp and to the weaver. Thus, with 
a temperature of 70°F. and a relative 
humidity of 83 per cent.,the amount 
of water vapor in a cubic foot of air 
is only 6.7 grains; with a temperature 


of 75°k. and a relative humidity of 
S4 per cent., it 1s only 5.9 grains. 


Such conditions of temperature and 
humidity will insure a high degree of 
from the manufacturing 
standpoint, yet will enable work to be 
done in comparative comfort because 


efficiency 


the evaporative power of the air (as 
to superficial moisture on the body) 1s 
still great. The rate of evaporation 
of moisture from the yarn depends on 
the relative humidity, since the yarn 
is at approximately the same tempera- 
ture as the airin the shed. A relative 
humidity of 83 or 84 per cent. will, 
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therefore, keep the yarn sufficient}, 
moist for manufacturing purposes 
The rate of evaporation of moistyys 
from the body depends, on the othe; 
hand, on the difference between the 
actual amount of water vapor in th» 
air and the amount it would contajy 
if saturated at body temperature 
When in the latter condition jt js 
‘capable of containing 18.7 grains pe; 
cubic foot, consequently, with the 
temperatures and humidities  giyey 
above, the rate of evaporation of mois- 
ture from the body and the accom- 
panying cooling effect will still be 
great. Thus, provided the tempera- 
ture is not too high (70°F. to 75°F.). 
it is possible to obtain conditions which 
are comparatively satisfactory both 
from the standpoint of the yarn and 
from the standpoint of the operatives. 
Ventilating and humidifying systems 
which are capable of maintaining such 


conditions should consequently — be 
‘arefully considered. 
Perhaps the most promising 


methods of improving the atmospheric 
conditions in humid sheds are those 
which attempt to increase the rate ol 
air movement in the vicinity of the 
operatives. By this means unfavor- 
able effects of high temperatures or 
humidities can be neutralized 
conditions obtained which enable work 
to be performed with comparatiy 
comfort and efficiency. An increase 11 
the rate of air movement has the same 
cooling effect on the body as a reduc 
tion in temperature or the amount 0! 
water vapor in the air, and since modi 
fication along these lines is considere( 
undesirable from the manufacturing 
standpoint, the possibilities associate: 
with air movement become incre’> 
ingly important. 


] 
ana 





per minute. 
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The rate of air movement In weaving 
sheds can be increased by utilizing 
jfferent devices or methods. Dur- 
‘yg the summer, a number of wooden 
naddles were fixed to the line shafts in 
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WOODEN 


(e] 
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~ 


PADOLE 








hig. 5.—Wooden paddle used in air move- 
ment experiments. 


Blackburn weaving shed, in the 
manner indicated in Figure 5. 
paddles were about 2 feet in length 
and 14 feet in width and the line shaft 
revolved at the rate of 110 revolutions 


The 


Air movement tests were 


ade at head level position (1) di- 
rectly under a paddle and (2) in an 
adjoining alley without paddles. 
results showed that the rate of air 
movement directly under the _ pad- 
les was 31 feet per minute, and at the 
sune level away from the paddle 28 


The 


per minute. Thus the paddle 


‘ls to produce an appreciable increase 
1 the rate of air movement in the 
vicinity of the operatives and is ac- 
ordingly quite useless for practical 


DUrpOses, 


The paddle revolves much 


‘00 slowly to have an appreciable 


t on the movement of the air in 
vicinity of the operatives; a fur- 
objection would be the trouble 


volved in removing all the paddles 


i the shafts at the end of the warm 
lumer months. 


ally, the best effects will be 
ed when the air currents in the 


of the operatives are some- 
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what variable, and are capable of 
being modified in intensity as the occa- 
sion demands. Such conditions can 
be obtained by the use of suitable 
electric fans, and the results of a few 
experiments along these lines may be 
mentioned. These experiments were 
carried out in the ironing and calender- 


. | temas oe ] ; 





Ve 
1) ~~ 


















































FAN A,  QPERATIVE Ww 
LHES —@ 


Fic. 6.—Position of fans and operatives 
in ironing and calendering departments of 
a handkerchief works. 





ing departments of a handkerchief 
works, and the final disposition of the 
fans in relation to the workers con- 
cerned is shown in Figure 6. Fan A 
(Fig. 7) is the ordinary type of oscil- 
lating fan giving 1,400 revolutions per 
minute. It was placed on a platform 
8 feet, 8 inches above floor level and 
the plane of the blades was directed 
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sivhtly downward. The fan oseil- odie breezes which attained a maxiny 

lated backward and forward through — velocity of approximately 150 fee - 
an angele of 90°, at the rate of one minute. These variable air males. 
complete oscillation in twenty seconds. were much appreciated and added she 
teadings were taken in head level siderably to the comfort of the ov . 





tives when workine. 


TABLE 8.—EFFECT OF FAN ON ay 
MOVEMENT (TRONING PROCEss 





iT BULB 
SLOCITY 


DRY EULB 


|W 





Io Oo 


63.9 | 33 
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— wm 
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lan B (big. 8S) was of the rotary 


a | . pieiil , tvpe and was suspended from th 
, P : ‘ . { +) ; , | + 1 ‘ f 
position wai distances of 12 feet, Sinches o1° , Pus 

i " i celling so that the center of the blades 
(position AM) and 22 feet, 8 inches - i | 

ni “Sgt was 8 feet, 8 inches above floor level. 
(position N) from the fan; first when — ,, ; rea 
Che length of each blade was 12 inches 
















the fan was moving and afterward 
em and the blades revolved at a rate o 
when it was stopped. The results a : = 

a 1400 revolutions per minute. Th 
obtained are given in Table 8. In, 
fan had a complete rotary moveien 


and the center of the blades rot 
in a horizontal plane once in twenty- 


the first position (Mi) the fan caused 
he rate of air movement 
of 251 per cent. and an increase of 111 


per cent. in position N. ‘Lhe area 


an incrense int 


seven seconds. The plane of 
blades was direeted downward 
made an angle of 40° with the vertica! 
The effect of the fan was according 
felt over a wide area; and as It Was 


affected by the fan is shown by the 
dotted lines (lig. 6); thus the beneficial 
effects were felt by all the ironers. 













At the moment when the fan was , mee bern | 
. placed in a central position above 
directed to any one of the ironers, the a 
Sgina Seal. calender machines, it proved to 
operative In question experienced the “erie 
' . very economical and effective 1 
full force of the air current, which, of oo <k 
: of increasing the air movement in 
course, Was much greater than tue oh . ail ) 
° : ° "le ’ ne ‘muiender Ope TU 
values given above, representing the Vic!ity of tne calender 0} 


average rate of movement during a Observations were made in two | 


period of approximately one and one- tons (X and Y) which were 6 [' 
half minutes. Thus in any given posi- 5 feet above floor level, and 5 i 


tion, operatives were fanned by peri- 13 feet from the fan, respec! 
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Ia results obtained, which are 
~ BE oso Table 9.it will be seen that the 
- sponsible for an average In- 
air movement in position XN 
ne to 10¢ per eent., and SZ per 


EPEECT OF FAN ON ATR 


EMIENT (CALENDERING 
PROCTSS 
~~ - CONDITIONS 
: Pride 
ri O31 >. 2 Fan running, 
0 _, 52.0 7 0 ksin stopped, 
y GP 2 POO) Fan running. 
a ? OZ .3d li .2 kan stopped. 
} position Y. Asinthe tormer 
he full foree of the arr current in 
ven DOSItion istelt only fora few 
th . 
| once every half minute; the 
Les . : 
ny nature of the air currents 
Vel , . ° ° ° ‘7 (" 
duced by the fan in the vieinity of} 
AH es . . % 
‘ peratives 1s pleasing and stimu- 
° 


If Pa 


ntinually directed toward enceh 


uniform current Ot air 


yrs) Ve 


the body would tend to 

adapted to such conditions and 
Hinulating effect of a variable arr 
nen would accordingly he loss 
tible. In the present Case the 
ons could have been still fur- 
proved by speeding up the hori- 
the 
Mifieation | How heme Intro- 
Both the 


ives were unanimous in ther 


Otary movement of fan: 


hlanacwement and 


on of the heneficial effects 


(he iwo fans. The run- 


Is slmost negheble, and 
eswitehed on and off accord- 
ne nature of the atmospheric 


ms 1) the rOOTL,. 
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The value of a fan as a means of 
increasing the rate of air movement Is 
also illustrated by some observations 
In this 
fan was fixed toa berm in the ealender 


made in a laundry. ‘case the 





big. S.~Pype of fan used in position B 
big. 

department and the blades revolved in 
a horizontal plane about 15 feet above 
floor level. The fan was much larger 
than the type In general use (see Fig. 
9) and was capable of producing a 
current of alr over a wide 
The the 


fan was 7 feet, the number of blades on 


powerful 


Aen, over-all diameter of 
the fan IS. and each blade was 3 feet 


In leneth. Observations were made 


In a position about 5 feet above floor 
level at a distance of 6 feet from a 
point directly under the center of the 
fan, and the results obtained are given 
in Table 10. The 


adopted the 


slower rate Is 


during cooler winter 
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months and the higher rate in the 
hotter summer period. Thus the fan 
produced a considerable inerease in 
the rate of air movement in the viein- 
itv of the calender operatives, sand 


kia. VY t ised | laundry 
experiments 


enabled them to work with greater 
comfort and efhicieney. Prior to the 
Installation of the fans. cases of famt- 
Ing were frurly lrequent, as the Opera- 
tives were usually exposed to a dry 
bulb temperature varving from 90°F. 
to 100k. and a wet bulb which 
ranged from 7O-bk. to SO-b. The in- 
troduction of the fans, however, has 
Improved the conditions to sueh an 
extent that fainting cases are now 
unknown, The effect of unsuitable 
atmospheric conditions can, then, be 
mitigated to a considerable extent hy 
Increasing the rate of alr movement IN) 
the nele@hborhood of the operatives, 
The laundry results show that, by 
means of stutable fans, an ar velocity 
ot POO per minute Cit) he obtained, 
and what is possible ina laundry ts 
tlso possible in a weaving shed. The 


Increased a movement Was welcomed 


by the operatives and they wer 


‘uns 
mous In their approval of its ben -fejs) 


effects. The laundry fans were piv, 
from the line shafts by means , 


belts and pulleys, and the cost 6: run 
TABLE 10.—EFFECT OF FAN QO\ \Ip 
MOVEMENT (LAUNDRY 


CONDIPIONS 


Fan stopped 

han running : 
minute 

kan running : 
minute 


ning was accordingly very small. In 
«a crumpet bakery the like benefit was 
obtained for the operatives by blow- 
ing the warm air about without harm 
to the crumpets (I-'armer). 

An increase in the rate of air move- 
ment is associated in the minds o! 
many people with the production o! 
drafts, and in some instances, th 
introduction of devices for increasing 
ar movement has been opposed he- 
eause of the supposed existence ot this 
objectionable feature. lFemate opera- 
tives who are no longer young appeu 
to be particularly sensitive to air move 
ment and its Imagined consequences 
and take every precaution tO pl 
themselves from its influenc 
draft, as such, is most noticeabl 
i cool current of air impinges 
small area of the skin, as, for ims 
when the cooler outside air 
through a broken pane in the \ 
and strikes the neck of a person 
who is adapted to the warmer 


the room. In the foregoing 
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ments, the warmer air of the room is 
nerely recirculated by the fans, and 
ye feelings usually associated with 
draft are wholly absent. That 
syeatly increased movement of air un- 
iy such conditions has no harmful 
sweets is shown by the laundry obser- 
-ations, in Which the operatives are 
onstantly exposed, with beneficial 
sults, to a breeze of approximately 
2») feet per minute (cf. the usual 
ote of air movement in weaving 
sheds which is 24 feet per minute). 
it will probably be suggested that 
nee an inerease in the rate of air 
vement promotes the evaporation 
‘moisture from the body, it will have 
similar, and consequently an unde- 
sle effect, on the moisture in the 
But the rate of evaporation of 
wisture from the yarn is almost en- 
iy dependent on the relative humid- 
y of the surrounding air, which 
cimains unchanged when the rate of 
ovement is increased; whereas 
rate of evaporation of moisture 
the body is dependent on the 
solute humidity of the air and is 
ected by alr movement in the man- 
r previously described. 
efficacy of alr movement as a 
of increasing the bodily com- 
and efficiency of weavers is par- 
caependent on the nature and 
lity of clothing worn by _ these 
tives. Open-meshed fabrics which 
loosely around the body facilitate 
vement of air between the cloth- 
i the skin surface, and thereby 
the air in contact with the 
“irom becoming hot and moist. 
rms and clothing open at the 
ve advantageous in promoting 
neat from the body. The less 


OUNT 


of clothing worn, and the 


more freely it hangs about the body 
of the operative, the greater will be 
the resulting comfort and efficiency. 
Conventional modesty is frequently at 
variance with physiologic necessities, 
and comfort is sacrificed for the sake 
of appearance. [Education in the mat- 
ter of suitable elothing and in the 
need for compensating for the warm, 
moist factory life by some measure of 
open-air exercise and open windows 
in sleeping rooms will do a great deal 
to keep up the health of the operatives. 

The practice adopted by some opera- 
tives of hanging their outer garments 
on the walls of the shed is to be con- 
demned. Such garments become al- 
most saturated with moisture at the 
temperature of the shed, and the 
change to the cooler outside air causes 
some of the moisture to condense and 
the garments to feel damp. The outer 
clothing should be left in a fairly 
warm and dry apartment adjoining 
the shed. 

existing regulations in connection 
with humid weaving sheds are con- 
cerned with the chemical purity, the 
temperature, and the humidity of the 
shed atmosphere. They should be 
based on the cooling power of the air 
in relation to the human body, and a 
standard of cooling should be adopted 
which would insure the maintenance of 
an adequate flow of heat from the 
body under different atmospheric con- 
ditions. Existing regulations ignore 
the value of air movement, but this 
factor would receive due considera- 
tion if the cooling power of the air 
were adopted as the criterion of suit- 
ability and comfort. It would be a 
relatively simple matter to compile a 
table giving the rate of air movement 


necessary to maintain a satisfactory 








cooling rate for different wet and dry 
bulb temperatures, and to regulate 
the rate of air movement in accord- 
ance with these temperatures. By 
this means a temperature and relative 
humidity could be maintained suitable 
for manufacturing purposes, while pre- 
serving at the same time the bod- 
ily comfort and efficiency of the 
operatives. 


FUTURE POSSIBILITIES 


An attempt has been made to indi- 
rate the general effect of high atmos- 
pheric temperatures and humidities 
on the bodily comfort and working 
sapacity of operatives exposed to such 
conditions. In particular, existing 
conditions in humid weaving have been 
deseribed and the possibilities of im- 
Unfortunately 
reliable evidence on the effects of pro- 
longed exposure to the atmospheric 
conditions in humid sheds is meager 
and incomplete, and it may be useful 
to indicate the possible lines of future 
research on this question. 

In the first place, it is desirable to 
obtain more accurate and comprehen- 
sive information on the relation be- 
tween temperature, humidity, and the 
number of yarn breakages for differ- 
ent kinds of yarn. Although yarn in 
humid sheds weaves more easily (be- 
cause of fewer breakages) as the tem- 
perature or relative humidity increases, 
it is not known if the decrease in the 
number of breakages is directly pro- 
portional to the increase in tempera- 
ture or humidity. 


provement discussed. 


Possibly, beyond 
a certain point, any further increase in 
temperature or humidity may fail to 
have an appreciable effect on the num- 
ber of breakages; if so, such limits 
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should be determined. Further, th, 
different qualities of yarn used in tho 
manufacturing process, and the yay. 
ous methods of preparation adopted 
render each kind of warp suscepti}. 
to breakages to very different degrees 
There is also some evidence to show 
that inequalities in the yarn, due jp 
these causes, may have a greater effec 
than the atmospheric conditions oy 
the frequency of breakages. The de. 
termination of the relation betweey 
temperature, humidity, and yarn 
breakages could be satisfactorily car- 
ried out by observing the nature and 
number of loom stoppages over 4 
period of several days, and noting at 
the same time hourly readings of the 
wet and dry bulb thermometer. 

Closely related to this problem is 
the question of determining the rela- 
tion between the atmospheric condi- 
tions of the shed and the working 
sapacity of the operatives. 
evidence in this connection has already 
been obtained, but a more extensive 
investigation, preferably in a small 
experimental shed, in which the atmos- 
pheric conditions could be regulated 
and controlled, would yield more deti- 
nite and conclusive results. 

In the preceding remarks it has 
been stated that the properties of the 
air which determine the rate of heat 
loss from the body are: (a) its tem- 
perature, (b) the amount of water 
vapor it contains, and (c) its rate o! 
movement. As to the first two fac- 
tors, from the standpoint of cooling 
power and comfort, the unfavorable 
effects of an increasing temperature 
may be neutralized by a suitable reduc- 
tion in the amount of water vapor col- 
tained in the air. This possibility 
has been thoroughly and systematl 


Some 
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camined by American engineers 
different combinations 
| dry bulb temperatures which 
erienced as equally comfort- 


ve been experimentally deter- 


COMBINATIONS OF WET 
BULB TEMPERATURES 
VG CONDITIONS OF EQUAL 
COMFORT 


WET BULB 


the kind of results ob- 
leach combinat ion of wet and 
ih) Lolnperature produced the 
clings of comfort in individuals 
different conditions. 
the effect of a rising dry bulb 
ure is neutralized by the effeet 
bulb. and conditions 
| eomtort are produced 11) each 
results in Table 
ted graphically, 
in) equal comtort line, since 
on this curve corresponds 
nbination of wet anid dry bulb 
ures which enable individuals 
O such conditions to experl- 
equal degree otf comfort 
Thus point ('on the Curve 
onding to a wet bulb tempera- 
and dry bulb of 69°F, 
tice the Sle experience ot 


is point D 


corresponding LO 


~~ 
*- 

ww 
—_ 
_ 


wet and dry bulb temperatures of 
96°F. and 7L°k., respectively). 

qual comfort lines for other com- 
binations of the wet and dry bulb 
have also been obtained and these are 


y 
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DRY BULB TEMPERATURE (°F) 


Pig. 10.—Equal eomfort line correspond 
ine to values givenin Table 11. 


represented in Figure 11. Thus, points 
along a line such as AB represent con- 
ditions which are equally comfortable. 
lor instance, point ©, corresponding 
to a dry bulb temperature of 75 EF. 
and a wet bulb of 66°I., will be Just 
as comfortable as conditions repre- 
sented by point D, which corresponds 
toa dry bulb of 86°. and a wet bulb 
of 56.5°F. All points lying along this 
line are said to have the same eth chia 
temperature (in this case, 701, 

Similarly all the lines which are ap- 
proximately parallel to AB represent 
effective temperatures differing from 
each other by one degree. ‘The results 
of a large number of experimentally 
determined observations have shown 
that the most comfortable conditions 
are obtained when the effective tem- 
perature is 64.5° (line NY ) and that 
the true zone of comfort lies between 
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effective temperatures of 62°RK. and — still air: and with air velocities I 
69'b. (shaded portion). Conditions — 59, (¢) 100, and (7) 200 feet per minute 


corresponding to any point within this Thus it is seen that by increas), t] 


le 























be 

—Z 60 

Wu) 

&! 

> 

= <\ 
& J. 
ry) ey 
a , 
LI55 } < 

re) 

be 








70 75 ah 85 y) 





o5 
DRY BULB TEMPERATURE (°F ) 
ley 1 | equal comfort | 
bulb temperntures 


nes COPFPLTeSD mding To) Various COT binations ot Wel ! 


zone Will be experienced’ as comfort- rate of air movement the effect o! 
able, but the most comfortable tem- high wet and dry bulb temperatures 
peracures will correspond {o conditions ean be neutralized, and, cs the table 
Iving along line XY. The foregoing shows, saturated air at 72.8°F. moy- 


results are true for still-air conditions Ing’ with s velocity of 200 fe pe 


and inactive individuals wearing ordi- minute is iust as comfortable to 
nary clothes. as saturated air at Of TF. which} 
With moving air, the same degree of (‘harts similar to Fieure = 1 


COMO Is experrenced with higher Wet showing the efter | ot differ 


and dry bulb temperatures, as the — velocities on comfort. have beet n- 
heures in Pable 12 show. They repre- — strueted by the American inves! ig 
Seni the different wel and drv bull LOrs, ana cre fully desert bed 11) a 


emperature Combinations which give — ports mentioned. Up to the p 


conditions of equal comlort In (1) time the results obtained relat 
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¢o individuals at rest, but the deter- 
mination of the most comfortable con- 
jitions for various forms of activity 
yy in progress. The value of this 


work lies in the actual determination 


Is ne 


y\BLE 12—-CONDITIONS OF EQUAL 
COMFORT IN STILL AND MOVING 
AIR 








AIR MOVING AT RATE OF 
(ft. per min.) 
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64.0 64.0 67.3) 67.3] 69.9) 69.9 72.872.8 
65.0 63.0 68.2) 66.1) 70.7| 68.5|73.6|71.3 
66.0 62.0 69.1) 65.0) 71.4) 67.074.369.8 
67.1 60.7, 70.1) 63.4] 72.3) 65.475.1/68.0 
(8.2 59.4) 71.1) 61.9) 73.3) 63.8)76.0,66.1 
69.4 58.0) 72.3) 60.3, 74.3) 62.0,77.0/64.2 
10.7 56.4 73.4) 58.5) 75.4 60.0'77.9162.0 
12.2 54.5 74.7) 56.4) 76.5, 57.678 .8)59.2 
38 52.4 76.5 53.9 77.8) 55.0,79.7/56.2 
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of different atmospheric conditions 
which are experienced as equally com- 
fortable by a representative number 
of individuals exposed to them. The 
results obtained show the interdepend- 
ence of wet bulb temperature, dry 
bulb temperature, and air movement, 
and the importance of their compensa- 
‘ory effects in relation to bodily com- 
‘ort. When the most suitable effec- 
ive temperatures for different forms 
of industrial activity have been estab- 
‘shed, it will be possible, by means of 
‘witable charts, to ascertain at a glance 
‘he various combinations of wet bulb 
‘emperature, dry bulb temperature, 
and air movement, which will give the 


J 
| 


“ditions desired. The possibility of 


being able to determine such facts is 
of great importance, but the ultimate 
benefit to industry will depend on the 
ability to reproduce and maintain such 
conditions. Ventilating systems which 
fulfil these requirements now exist, and 
industrial employers will undoubtedly 
give them the consideration and atten- 
tion they deserve. Suppose, for in- 
stance, it 1s established beyond dis- 
pute that weavers in the cotton 
industry can work with maximum 
comfort at an effective temperature 
of 64°F. By means of the charts it 
will be possible to find the particular 
combination of wet bulb, dry bulb, 
and rate of air movement which ap- 
proximates most closely the desired 
optimum, and at the same time enables 
the yarn to be manufactured with a 
minimum number of breakages.  ite- 
search along the lines indicated is un- 
doubtedly of the utmost importance, 
and must be taken into consideration 
whenever an attempt is made to im- 
prove the atmospheric conditions in 
the weaving industry. 

More important still is the deter- 
mination of the effect of high atmos- 
pheric temperatures and humidities 
on the health and mortality of the 
operatives. The relation to sickness 
should be ascertained by compiling a 
careful record of the amount of time 
lost due to sickness in the case of 
weavers employed in dry and humid 
sheds, preferably in the same town and 
living under similar environmental 
conditions. ‘The only significant vari- 
able in the statistics used for com- 
parative purposes should be different 
atmospheric conditions existing In dry 
and humid sheds. The mortality re- 
turn should be compiled with equal 
care and be free from the objections 
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already mentioned! The collection 
of such records would settle finally 
and conclusively the long-standing 
controversy as to whether prolonged 
exposure to the atmospheric conditions 
in humid = sheds is detrimental to 
health. 

linally, the discovery of some method 
of treating the yarn which will enable 
the manufacturing process to be ¢ar- 
ried out under ordinary atmospheric 
conditions is within the limits of pos- 
sibility. Such a discovery would be 
of vital importance to the weaving 
section of the cotton industry and 
would revolutionize the conditions of 
manufacture. Attention should ac- 
cordingly be concentrated on this 
question without delay. 


SUMMARY 


Croncral Considerations. The loss of 
heat from the body, and the conse- 
quent preservation of a suitable body 
temperature, is dependent on (a) the 
temperature of the surrounding air, 
(b) its rate of movement, and (c) the 
amount of water vapor it contains: 
further, (7) the rate of heat loss will 


also be afiect 


‘ } 7 ‘ l-3 , ] ‘ 
edd br f Le KING and 
’ : } } : ° tury * a ’ 17 a 
amount of clothing worn, § | lMaby, in 
+ . , * . . ame S a 1 ‘ . \y 
cases of increased activity, the vreater 


amount of heat produced in the body 
necessitates a greater rate of heat loss 
by one or more of the processes 
mentioned. 

Mffect of Unsuitable Atnospheric 
Conditions. (¢! } Prolonged exposure 
to warm, moist, and stagnant atmos- 
pheres imposes ret strain Ol} the heat- 
regulating mechanism of the body, 
and tends to have an unfavorable 


effect on vitality and efficiency. The 


1 See pp. 328-3829. 








body becomes overheated, the actiy. 
ity of the heart is increased, metahp. 
lism is reduced, and the inclinatioy 
and ability to do work are lowered. 

(b) Considering separately each 9; 
the factors involved in the mainte. 
nance of a suitable body temperatyre 
it has been shown that: 

1. High atmospheric temperatures 
in industry have an adverse effec 
on bodily comfort and productiy: 
efficiency. 

2. ‘The endurable limits of tempera. 
ture can be raised and output increase 
by increasing the rate of air movemen 
in the vicinity of the body. 

3. When the amount of water vapor 
in the alr exceeds a certain limit (about 
79°F. wet bulb), the body tempere- 
ture rises, efficiency decreases, and tl) 
operatives are working under advers 
physiologic conditions. 

Existing Conditions in Humid \Wea- 
ing Sheds.—(a) In many sheds, th 
average temperature throughout th 
year is from 70°F. to 75°F. and dura 
the hot summer months temperetu 
of 85°F. to 90°F. are often attained 

(b) The average rate of air move- 
ment is approximately 24 feet p 
minute. This rate is quite Impercep- 
tible, and compares unfavorably wi 
the conditions in many other indu 
tries and with pleasant condit! 
outside. 

(c) Observations carried out 1! 
tain sheds showed that in summer Ui 


wet bulb temperature exceeds 
for three-fourths of the working ti 
and 75°F. for one-fourth of the tot 
hours worked. 

Effect on Efficiency and Healt, 
(a) In humid weaving sheds, the nu! 
ber of yarn breakages decreases, “" 


nereas 
(| ‘ 


consequently output tends to 1! 
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Ctiy. .. the temperature and humidity 
abo. ‘nerease. 

tion | Beyond a certain point (about 
1. “yk, to 75°F. and a relative humidity 
h of {80 to $5 per cent.), efficiency begins 
inte- .) decrease beeause of the adverse 
ture. FB effects of the atmospheric conditions 

on the weaver. 

ures -) The hot, moist atmosphere In 
flee vumid sheds causes a rise In body tem- 
tiv nerature when the wet bulb tempera- 


‘ure exeeeds 75°R., and when this 
the weavers are working under 


era- F occurs 


ase] adverse physiologic conditions. 
nent d) Definite information on the sick- 
ness and mortality rates of operatives 
apor #B employed in humid sheds has not yet 
bout been obtained. 
era- -) The effect of hot, moist atmos- 
1 the pheres on the human organism is miti- 
erst vated to some extent by the ability of 
the physiologic mechanism to adapt 
cal= 2 itself to unusual conditions. This isa 
the fact of considerable importance, and 
th must be taken into consideration when 


attempting to determine the most suit- 
vble atmospheric conditions for opera- 
ec lives In humid sheds. 
ove- Possible The 
‘comperature In humid sheds may be 
duced to a slight but significant 
extent by adopting one or more of the 
lis- ollowing devices: 


fmproveme me (a) 


|. \Whitewashing the roofs during 
(he summer months. 

‘) Ro ——_ : ro 

«#» IVOO] Sprays. 

». Wet matting and sprays placed 
the inlets of the ventilation ducts. 

Mumidification — by 


silt { 


atomized 


- a ° | . 
Msulatine the rool. 





045 


(b) Since the comfort of the opera- 
tives depends on the absolute humid- 
ity of the air, while the frequency of 
yarn breakages depends on the rela- 
tive humidity, conditions which are 
fairly sultable both for the weaver 
and fer the warp may be obtained with 
a humidity of 80 to 85 per cent., pro- 
vided the temperature of the shed 
does not exceed 7U°. to 75°. Ven- 
tilating systems whieh are capable 
of maintaining such conditions should 
accordinzly be carefully considered. 

(c) The effect of high temperatures 
and humidities may be mitigated to 
a considerable extent by increasing the 
rate of air movement in the vicinity 
of the operatives. ‘This may be 
effected by the use of suttable fans, 
driven either electrically or from the 
line shafts. 

(d) The adoption of a more suitable 
type of clothing by the operatives will 
promote the dissipation of heat from 
the body and enable the work to be 
done with ereater comfort. 

Future Investigations Needed. —(a) 
An extensive inquiry into the relation 
between different atmospheric con- 
ditions and the working capacity of the 
operatives. 

(b) An investigation of the effect of 
high atmospheric temperatures and 
humidities on the health and mortal- 
ity of operatives. 

(c) The discovery of some method 
of treating the yarn which will enable 
the manufacturing process to be car- 
ried out under 


more satisfactory 


atmospheric conditions. 
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